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Abstract 
Introduction: Feeding concerns are among the most commonly cited reasons 
why mothers seek advice about their young child – food fussiness, a toddler not 
eating the amount or type of food that his/her mother thinks is appropriate, not 
gaining enough weight, or a belief about the child’s weight.  In contrast, the 
prevalence of childhood obesity is a global public health concern.  This disparity 
occurs within a “major research gap”1  with respect to children in the second year of 
life.  Dietary intake data from Australian toddlers are limited, with existing studies 
suggesting that dietary quality in this age group is poor.2-5  Similarly, little is known 
about maternal perceptions of her toddler’s dietary intake6 and behaviour at an age 
characterised by food fussiness and neophobia.7   Ironically, use of feeding practices 
which are not sensitive to children’s hunger and satiety cues (prompted by maternal 
concerns about fussiness and perceived lower weight) may disrupt a child’s innate 
self-regulation of energy intake, promoting overeating and overweight.1  This thesis 
aims to describe and evaluate food and nutrient consumption; describe maternal 
feeding beliefs and practices and child eating behaviour; and examine the 
relationships between child food intake, eating behaviour and weight and maternal 
feeding beliefs and practices, in first-born Australian children aged 12-16 months.  
Method: This is a cross-sectional, secondary data analysis of 332 mother-child 
dyads participating in, 1. the control group of NOURISH, a randomised controlled 
trial (RCT) promoting positive feeding practices in very young children, and 2. an 
additional sample recruited for the South Australian Infants Dietary Intake study 
(SAIDI) [49% male (n=165); age, mean(sd)= 13.8(1.3) months; WAZ, 
mean(sd)=0.58(0.86)].  Data were predominantly sourced from the assessment which 
occurred when children were between 12 and 16 months of age.  Child weight was 
measured by research staff and weight-for-age z-scores calculated using WHO 
Anthro (2008).  Data regarding demographics, feeding beliefs and feeding practices 
were collected via self-administered questionnaire.  Mothers reported their child’s 
intake using a single, three-pass 24-hour dietary recall, via telephone.  Intake was 
entered into FoodWorks 2009 using the AUSNUT 2007 database and exported into 
SPSS.   
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Food and beverages were classified into five core groups, fruit, vegetables, 
cereals, meat/alternatives and dairy; as well as unsaturated fats and oils, discretionary 
choices, sweet beverages, cow’s milk only, breast milk and formula.  Descriptive 
statistics were used to report intake of each group, expressed as (g/day) and 
percentage of estimated energy intake (EEI), for whole sample and/or consumers 
only.  Intake of milks were compared across categories of diversity score (number of 
core food groups consumed on 24-hour, giving a potential score of zero to five) using 
multinomial regression.  Mean (sd) intake of energy (kJ), protein (g), fat (g), iron 
(mg) and calcium (mg) is reported. 
Feeding beliefs were defined to reflect common concerns cited by mothers: 1. 
Perception of child as a fussy eater (not fussy, fussy); 2. Maternal perception of child 
weight status (underweight, normal weight, overweight), and; 3. Concern about 
undereating or becoming underweight (factor score on Infant Feeding Questionnaire 
(IFQ)8).  Data regarding use of feeding practices were also derived from the IFQ,8  
including 1. Awareness of infant’s hunger and satiety cues, 2. Feeding infant on a 
schedule, and 3. Using food to calm infant’s fussiness.  Proportion of mothers 
reporting each category, and mean factor scores are presented.  Bivariate analyses 
compared the three feeding beliefs with independent variables representing child 
growth, gram intake of food groups on 24-hour recall, frequency of food refusal, and 
covariates; using parametric or non-parametric tests as required.  Multivariable analysis 
using regression, determined the child and maternal factors independently associated 
with the three feeding beliefs.  Structural Equation Modelling (SEM) was used to 
simultaneously assess the relationships between child weight, intake and eating 
behaviour, maternal demographics, feeding beliefs and feeding practices. 
Results: The quality of dietary intake of toddlers was highly variable, in terms 
of both the quantity and types of foods consumed.  Most children ate fruit (87%) and 
vegetables (77%) on 24-hour recall while 91% ate discretionary items.  Dairy and 
cereal were the most commonly consumed food groups and the greatest contributors 
to daily energy intake.  Intake of meat/alternatives and vegetables were less than 
recommended,9 though this may represent the ongoing transition from a milk-based 
diet to family food.  A quarter of children were breastfeeding while formula was 
consumed by 32% of the sample.  Formula provided 29% of daily energy intake and 
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lower dietary diversity was independently associated with higher gram intake of 
formula.   
Mothers reported concerns about food fussiness and underweight in otherwise 
healthy children - 30% of mothers described their child as a fussy eater and 10% 
categorised their child as underweight, though objective data did not support these 
perceptions.  Notably, 30% of toddlers were overweight/at risk according to WHO 
criteria,10 with almost all of these children being perceived as normal weight.   
It was the leaner, but healthy weight child who exhibited food refusal 
(consistent with neophobia and/or self-regulation of energy intake) that was 
described a fussy eater or prompted higher maternal concern.  Maternal beliefs were 
largely independent of child’s dietary intake and sociodemographic characteristics.  
Use of inappropriate feeding practices was low, though SEM revealed perception of 
child as a fussy eater or maternal concern about undereating or underweight was 
associated with use of food to calm.  Use of food to calm was associated with breast 
milk intake only.   
Conclusions and implications for practice: This is the first detailed data 
describing the dietary intake of first-born Australian children aged 12-16 months.  
Overall, quality of intake could improve, especially since young children are being 
exposed to energy-dense, nutrient-poor foods which may affect the development of 
long-term healthy and varied food preferences.  In practice, health professionals can 
reassure parents that food refusal in healthy young children is normal, and even 
desirable in today’s obesogenic environment.  The inability to identify, or tendency 
to perceive excess adiposity as normal in younger children reflects an ongoing need 
to provide parents with support to understand normal growth, particularly the risks 
associated with rapid weight gain in infancy.11  Nationally representative intake data, 
qualitative research investigating maternal beliefs and improved measurement of 
responsive (and non-responsive) feeding practices are needed to broaden the 
evidence base.   This could be translated into practical advice on ‘how’ to feed young 
children within future editions of dietary guidelines with information targeted at both 
parents and health professionals. Prevention of childhood obesity may ultimately 
depend on a cultural shift in attitudes to weight in early childhood.   
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1.1 BACKGROUND 
The chubby baby who eats well is desirable in Australian culture and around 
the world.  Feeding concerns are among the most commonly cited reasons why 
mothers seek advice about their young child – food fussiness, a child not eating the 
amount or types of food that mother thinks is appropriate for normal development, 
not putting on enough weight, or a belief about the child’s weight (which may or 
may not be valid).  In contrast, childhood obesity is a global public health concern.12  
It is widely accepted that nutrition in early childhood can influence health in later life 
as pre- and post-natal nutrition lays the foundation for the development of chronic 
diseases.13  Notably, food preferences - healthy or otherwise - develop in early 
childhood and persist throughout life.14  Despite the recognition of early childhood as 
a critical period, dietary intake data from Australian children aged less than 2 years is 
limited.  Existing studies suggest that dietary quality in this age group is poor.2, 4, 5  It 
is important to know what and how much children are actually eating, as well as 
understand how parents are interacting with their child – a relationship ideally 
characterised by responsiveness across all parent-child interactions.15  With respect 
to feeding, “responsiveness is defined… as prompt, contingent and developmentally 
appropriate responses to the child’s hunger and satiety cues… supporting the 
capacity of infants to self-regulate energy intake for optimal growth in a context of 
obesity risk”.16 
Ironically, use of unresponsive feeding practices, prompted by maternal 
concern about fussiness and lower weight, may disrupt a child’s innate self-
regulation of energy intake, promoting overeating and overweight.1  One key step in 
this pathway is that a mother’s perception of her child’s intake and weight may be 
more relevant in determining her use of specific feeding practices, than the child’s 
actual intake and weight.  Yet there is a “paucity of research examining parental 
perceptions and misperceptions of their child’s diet”.6 
This thesis evaluates the food intake of Australian children aged 12-16 months 
relative to current infant feeding guidelines, with an emphasis on intake of core 
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foods, unsaturated fats and oils and discretionary choices.  These data provide insight 
into the dietary intake of Australian toddlers as they transition from the 
predominantly milk based diet of infancy, to family foods.  The thesis examines 
factors that contribute to common concerns mothers have about their toddler’s eating 
behaviour – fussy eating, growth and perceived low body weight, what feeding 
practices mothers employ in response to these concerns and what impact these might 
have on the child’s food intake.  This information can be used to inform consumer 
education and lays the foundation for future research into addressing maternal 
perceptions as a strategy in the prevention of childhood obesity. 
1.2 RESEARCH AIMS AND OBJECTIVES 
1.2.1 Aims 
In first-born Australian children aged 12-16 months: 
 describe and evaluate food and nutrient intake,  
 describe maternal feeding beliefs and practices and child eating behaviour, 
and 
 examine the relationships between child dietary intake, eating behaviour 
and weight and maternal feeding beliefs and practices. 
1.2.2 Research questions 
1. What are the daily intakes of the five core food groups - fruit, vegetables, 
meat& alternatives, cereals, and dairy & alternatives (measured in 
grams/day and contribution to energy intake) – as well as unsaturated fats 
& oils, and discretionary choices including sweet beverages? 
2. What are the daily intakes of cow’s milk, breast milk and formula 
(grams/day and contribution to energy intake) and is there an association 
with dietary diversity? 
3. What are the daily intakes of key nutrients and how do these compare to 
the relevant Australian Nutrient Reference Values?  
4. Is there an association between weight gain (from 4-7 to 12-16 months of 
age) and energy intake, particularly the contribution of discretionary 
choices and sweetened beverages? 
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5. What is the prevalence of maternal feeding beliefs regarding food 
fussiness, undereating and underweight, and use of maternal feeding 
practices? 
6. What maternal and child factors are associated with maternal feeding 
beliefs regarding food fussiness, undereating and underweight? 
7. What are the cross-sectional associations between child intake, eating 
behaviour and weight, maternal feeding beliefs and maternal feeding 
practices, adjusting for demographic, maternal and child factors? 
1.3 THESIS OUTLINE 
The next chapter is a review of literature pertaining to food and nutrient intake 
of young children in Australia and overseas, and a critique of literature regarding 
maternal feeding beliefs and practices.  This culminates with presentation of the 
conceptual model (Figure 2.5) which informs the statistical analyses within the 
thesis.  Research design and methodology follow in chapter three.  Results and 
discussion are then presented over chapters four, five and six addressing the three 
aims of the thesis in turn.  The terms ‘toddler’ and ‘child’ are used interchangeably 
throughout the results and discussion, simply to add variety while reading.  The term 
‘infant’ which strictly refers to children under the age of 12 months is used in 
questionnaire titles, consistent with original publications, though the results here 
apply to toddlers aged 12-16 months. 
Chapter four describes food and nutrient intake before the focus shifts to 
maternal feeding beliefs and practices in chapter five.  The prevalence, and factors 
associated with maternal feeding beliefs are presented and discussed.  Chapter six 
presents evaluation of the relationships between feeding beliefs, practices, and child 
intake, eating behaviour and weight using structural equation modelling.  Chapter 
seven provides a summary of findings, discusses the limitations and strengths of this 
analysis and provides recommendations for future research and clinical practice.  A 
bibliography concludes the thesis.  Appendices contain the search strategy used for 
the literature review, tools for data collection and additional results.   
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2.1 FEEDING YOUNG CHILDREN 
2.1.1 The ‘what’ and ‘how’ of feeding young children – an introduction 
Dietary intake and feeding practices are inextricably linked to a child’s growth 
and development.17  What and how much children eat – their food and nutrient intake 
– has always been considered the primary determinant of growth.  But it is 
increasingly recognised that how children are fed can influence not only their growth 
but their health throughout life.18   
Unresponsive feeding practices are those which override a child’s cues of 
hunger and satiety - feeding according to external cues such as pressuring children to 
eat because of parental expectations of how much they should consume or offering 
food in response to a child’s emotional state.19   Use of unresponsive feeding 
practices are hypothesised to disrupt a child’s innate self-regulation of energy intake, 
promoting overeating and overweight.1  In contrast, a responsive interaction between 
a mother and young child during feeding, that is, her ability to interpret and respond 
appropriately to cues, can support appropriate growth16, 20 but also form the basis of a 
loving and secure relationship during childhood and beyond.21  
2.1.2 Growth in early life 
Nutrition in early childhood influences health in later life by laying the 
foundation for the development of disease in adult life.  The Barker hypothesis which 
originally proposed the concept of foetal origins of disease22 has been expanded to 
include not only intrauterine growth but also growth during childhood.23  Ten years 
ago a systematic review of 24 studies assessed the relation between infant size and 
growth in the first two years of life and subsequent obesity.11  More rapid growth 
was associated with greater risk of obesity in childhood, adolescence and early 
adulthood, with odds ratios and relative risk ranging from 1.17 to 5.70.  The 
predictive link between rapid growth and obesity has been supported in subsequent 
reviews24-26 yet in the community emphasis remains largely on weight gain as a 
measure of a baby’s progress – and more weight gain is perceived as better.   
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The mechanisms linking rapid growth to obesity are still unclear.  One 
explanation relates to infants who have been growth restrained in utero i.e. 
presenting with lower birth weight due to maternal smoking in pregnancy.  These 
infants tend to gain weight more rapidly in the early postnatal period, leading to 
increased central fat deposition and greater insulin resistance.27  Alternatively, excess 
maternal weight gain during pregnancy may alter foetal gene expression and 
metabolism28 such that infants are born at a higher weight and predisposed to more 
rapid weight gain.29  While this may explain obesity in some children, it cannot 
account fully for the association between rapid growth and obesity discussed in 
systematic reviews of the literature.11, 24-26  In part, the answer may lie in the ‘what’ 
and ‘how’ of feeding young children, which is discussed throughout this literature 
review.  While the cause of the current prevalence of overweight and obesity remains 
the focus of research around the world, the consequences of childhood obesity are 
well documented.30 
2.1.3 Childhood overweight and obesity 
There has been a rapid increase in worldwide prevalence of childhood obesity 
over the past thirty years.31  However comparison between studies and across 
countries is limited given the different ages assessed, different definitions, and 
reference standards used.  This section begins with a description of reference 
standards, to provide a context for the prevalence data which is reported next.  
2.1.3.1 Definition  
Three commonly used tools for measuring growth and assessing weight status 
of Australian children are the WHO growth reference charts,32 the United States 
Centres for Disease Control and Prevention (CDC) BMI percentile charts33 and the 
international reference standards using International Obesity Task Force (IOTF) 
criteria.34 
WHO growth reference charts 
In 2012, all Australian states and territories adopted the WHO 2006 growth 
standards32 for use with children 0-2 years of age.  These standards were developed 
using healthy children who were predominantly breastfed for the first 4-6 months of 
life and continued breastfeeding until at least 12 months of age.  “There is now 
broad international consensus about the utility of the WHO Child Growth standards 
for assessing the growth of pre-school children.  Because the standards depict 
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physiological human growth under optimal environmental conditions, they provide 
an ‘important tool’ for assessing growth”.35  WHO has charts for weight-for-age, 
weight-for-length and head circumference percentiles and z-scores.  Overweight is 
defined as two standard deviations above normal, i.e. a z-score greater than two, and 
obese, a z-score greater than three.10  Prior to 2012 the US CDC percentile charts 
were used in Australia. 
United States CDC BMI percentile charts 
In clinical practice, the BMI percentile charts from the CDC33 are commonly 
used to monitor growth in Australian children aged 2-18 years.  Overweight is 
defined as “BMI between the 85th and 95th percentiles and obesity as above the 95th 
percentile”.36 
International reference standards using IOTF criteria 
This international criterion of paediatric overweight and obesity is used 
universally to report secular trends and to compare rates across countries (rather than 
assessment of an individual’s weight status).  It was developed pooling data from six 
nationally representative cross sectional growth surveys - Brazil, Great Britain, Hong 
Kong, the Netherlands, Singapore, and the United States.34  Age and gender specific 
BMI cut-off points to define overweight and obesity in children aged 2-18 years were 
developed by linking specific centiles to adult cut-off points i.e. BMI of 25kg/m2 for 
overweight and 30 kg/m2 for obesity, aiming to characterise weight in relation to 
health risk instead of subjective definitions. 
2.1.3.2 Prevalence   
Worldwide prevalence of overweight (including obesity) in children aged 5-17 
years was estimated at 10% using IOTF criteria,37 while the prevalence of obesity 
alone is estimated at 2-3%.  In Australia, the number of children aged 7 to 15 years 
classified as overweight almost doubled between 1985 and 1995, while in the same 
age range, the number of children classified as obese, more than tripled.38  The 2007 
National Children’s Nutrition and Physical Activity Survey (NCNPAS)39 reported 
prevalence in Australian children aged 2-16 years using the IOTF definition.34  
Amongst boys, 22% were overweight or obese with 5% being obese, while for girls 
the figures were 24% and 6%.  Since then, prevalence has remained relatively stable 
with the 2011-12 Australian Health Survey (AHS) reporting 25% of all children aged 
2–17 years were overweight/obese, with 7% classified as obese.40  There are no 
 Chapter 2: Literature Review 7 
nationally representative data describing the prevalence of overweight/obesity in 
children under two years of age, however within the 2011-12 AHS sample, 23% of 
children aged 2 to 4 years were classified as overweight/obese40 using IOTF 
criteria.34   
2.1.3.3 Aetiology 
Overweight and obesity are caused by many factors.  For an individual, body 
weight is determined by a combination of genetic, metabolic, behavioural, 
environmental, cultural, and socioeconomic influences.30, 41  In simple terms, weight 
gain is a result of chronic positive energy balance when energy intake is greater than 
energy expenditure.42  Children however, are gaining weight as they grow and 
require an intake of kilojoules adequate to fuel daily energy expenditure as well as 
support normal growth. Therefore children require a stable weight gain trajectory,43 
described as a percentile or z-score as opposed to a stable weight (which may be 
related to growth faltering44).   
Parental overweight and obesity 
For children, the main predictor of overweight/obesity is having one or both 
parents who are also overweight or obese.45, 46  An estimate of risk was obtained in 
an analysis of data from annual health surveys conducted in England between 2001 
and 2006.47  Data from seven annual cross-sectional surveys were pooled, providing 
information on 4432 families, which included 7078 children aged between 2 and 15 
years.  Weight and height of each participant was measured by trained study staff and 
used to calculate BMI.  Childhood obesity was defined using IOTF criteria.34  
Children with two overweight parents had twice the odds of being obese compared to 
children with two normal weight parents; adjusted for year of the survey, 
socioeconomic status, child age, gender and ethnicity, adj OR = 2.19 (95% CI: 1.28, 
3.74).  Having two obese parents was associated with even greater odds of the child 
being obese, adj OR: 12.02 (95% CI: 7.20, 20.06) and odds increased with increasing 
severity of obesity.  In children with two severely obese parents (BMI ≥ 35) odds of 
being obese increased 20-fold compared to children with two normal weight parents, 
adj OR = 22.34 (95% CI: 10.31, 48.42). 
The familial transmission of overweight and obesity is due to shared genes48 
but also shared environment, i.e. family meals, both type of food offered and eating 
behaviours as well as opportunities (or lack of) to be active.49  Maternal feeding 
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beliefs and practices, that potentially exacerbate genetic risk within an obesogenic 
environment, are a focus of this thesis. 
Dietary intake, physical activity and sleep 
The three main obesity-related behaviours in children are dietary intake, 
physical activity and sleep.50  Dietary risk factors for obesity have long been 
established.  According to WHO, there is convincing evidence that a high intake of 
non-starch polysaccharides dietary fibre decreases obesity risk while a high intake of 
foods that are energy dense but micronutrient poor increases risk.51  There is 
probable evidence that a high intake of sugar-sweetened soft drinks and fruit juices 
increases obesity risk.51  As such, intakes of fruit, vegetables, sweetened drinks and 
discretionary choices (i.e. foods which are energy-dense and nutrient poor) are often 
used as markers of an individual’s overall diet quality. 
Breastfeeding provides “moderate but consistent protective effects... compared 
with formula feeding against later obesity”52 with a recent meta-analysis of 17 
studies reporting a dose-response effect between breastfeeding duration and reduced 
obesity risk.53  The potential mechanisms and evidence for these statements are 
explored in detail in section 2.2.1 which evaluates the current Australian infant 
feeding guidelines54 and in section 2.4.3, investigating maternal feeding practices. 
Inadequate physical activity and increased sedentary behaviour such as 
television viewing and computer use are established risk factors for the development 
of childhood obesity55, 56 while sleep pattern is an emerging area of research.  
Disrupted sleep, or inadequate sleep duration may disturb metabolic processes and 
appetite control,30 contributing to insulin resistance, elevated plasma lipid levels and 
development of overweight.57 
2.1.3.4 Consequences 
The negative health consequences, both short- and long-term, of overweight 
and obesity in children are well recognised.37, 58, 59  Children experience major 
metabolic and clinical consequences (Table 2.1) with cardio metabolic risk factors 
identified in children as young as two years of age.60  Most immediate is the 
stigmatisation and discrimination associated with overweight and subsequent mental 
illness.36, 61 
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Table 2.1 Consequences of overweight and obesity in children30 
System Disorder 
Cardiovascular Hypertension, hyperlipidaemia, left ventricular hypertrophy 
Endocrine Polycystic ovary syndrome, hyperinsulinaemia, early puberty 
Gastrointestinal Non-alcoholic fatty liver disease, gallbladder disease 
Neurological Pseudo tumor cerebri 
Psychosocial Depression, poor self-esteem, eating disorders 
Pulmonary Asthma, sleep apnoea, poor exercise tolerance 
Skeletal Tibia vara, slipped capital-femoral epiphysis 
 
The most important long-term consequence of childhood obesity is the tracking 
of overweight and obesity into adulthood.62, 63  Estimates range from two- to ten-fold 
higher relative risk of overweight children becoming overweight adults compared 
with normal-weight children.64  The association is stronger with increasing severity 
of childhood obesity and amongst children where one or both parents are overweight 
(section 2.1.3.3).  Hence the individual, social and financial implications of 
experiencing the negative health consequences described in Table 2.1, over a 
lifetime, are considerable.   
2.1.3.5 Prevention 
In recognition of the importance of growth patterns in early life and the burden 
of the consequences of childhood overweight and obesity, the focus has turned to 
primary prevention of obesity during infancy.65, 66  It has even been suggested that 
the targets of obesity prevention should be all children58 with a critical window of the 
first “1000 days”.17  This time period - from conception to a child’s second birthday - 
encapsulates the early life experience where children may be exposed to a number of 
risk factors for the development of obesity, including intrauterine growth retardation, 
excess maternal gestational weight gain,67 feeding mode and timing of introduction 
of solids, rapid growth rate and exposure to discretionary choices i.e. foods that are 
energy dense but nutrient poor. 
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One approach in the prevention of obesity is to help young children develop 
healthy food preferences and eating habits.  Three Australian research trials formed 
the Early Prevention of Obesity in Children (EPOCH) Collaboration in 2009 which 
aims to determine if early feeding interventions impact on BMI z-scores at age 18-24 
months.68  The NOURISH randomised controlled trial69 is part of this collaboration.  
The aim of NOURISH was to implement and evaluate a community-based 
intervention to promote early feeding practices, foster healthy food preferences and 
intake and preserve the innate capacity to self-regulate food intake in young children.  
Data collected when children participating in NOURISH were aged 12-16 months, 
form the basis of this thesis.  The importance of focussing on the second year of life 
will now be discussed in detail. 
2.1.4 A focus on toddlers 
The toddler years (12-36 months) are a period of considerable growth and 
development and represent a key time in a child’s transition from infant feeding to 
family food.  The speed of growth slows in the toddler years in comparison to 
infancy,70 yet a toddler’s relative daily energy requirement is still about twice that of 
an adult, 342kJ/kg body weight for a 15 month old boy compared with 190kJ/kg 
bodyweight for an adult male.71  Toddlers also need more nutrients per kg of 
bodyweight than adults72 which means that overall toddlers must consume a more 
energy and nutrient dense diet.  This is best achieved by eating small frequent meals 
and children between 12 and 24 months of age consume an average of seven meals 
per day.73, 74 
In addition to changing nutritional requirements, toddlers make enormous 
advances in gross motor and fine motor abilities, and language and social/emotional 
skills.  The age group 12-16 months coincides with the development of autonomy 
and independence75 of which the temper tantrum is a common expression.70   In the 
second year of life neophobia and fussy eating are common.7  Food neophobia, the 
rejection of foods that are novel or unknown, is a trait thought to play an 
evolutionary protective function, by discouraging children from ingesting toxic 
substances at a time when they start to walk and become more mobile.76  The 
behavioural manifestation of neophobia i.e. food refusal, may be interpreted by 
mothers as fussiness.  However, there is no agreed definition of picky or fussy eating 
– it is generally accepted as the rejection of a substantial amount of familiar foods as 
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well as novel foods, resulting in a diet that is characterised by the consumption of a 
low variety of foods.77  Studies typically rely upon parent report to categorise a child 
as a fussy eater78 though parents may differ in their interpretation of fussiness and 
problematic behaviour.79  These key concepts will be expanded upon in section 2.4.2.     
The challenge for parents is to provide a nutritious and varied diet and foster 
healthy food preferences in the face of vast emotional and developmental change and 
changing nutritional requirements.  This is vital, given child food preferences and 
food intake patterns form the basis for adult eating habits.80  Limited evidence 
suggests that Australian toddlers already consume a poor quality diet inconsistent 
with current infant feeding guidelines.2, 3, 81  Advice given to parents by health 
professionals with respect to their child’s growth and intake is not necessarily 
evidence-based82 and there is perhaps yet another gap between the advice given and 
what parents actually do.  In a qualitative analysis of Denmark’s ‘complementary and 
young child feeding’ study, mothers reported that they felt national nutrition 
guidelines were no longer relevant after their child’s first birthday.83  
Since the majority of a child food preferences are established as early as 2-3 
years of age84 understanding the interaction between food intake and feeding 
practices in this age group – the ‘what’ and ‘how’ of feeding young children - may 
help in further understanding the aetiology of overweight and obesity and inform 
approaches to obesity prevention. 
2.2 CURRENT RECOMMENDATIONS AND GUIDELINES 
In order to establish healthy food preferences and dietary intake in young 
children, the ‘what’ and ‘how’ of feeding needs to be understood by parents and the 
health professionals that advise them.  Evidence-based dietary guidelines, largely 
developed by government health departments, aim to be the primary source of this 
information.  Given the dietary intake data presented in this thesis will be interpreted 
in light of current dietary guidelines, this section of the literature review examines 
local and international guidelines, in particular, what information is available that 
relates specifically to toddlers, and the evidence base for this advice.  This is 
followed by section 2.3 which reports on what is known about the diets of young 
children in Australia and overseas, and assesses the discrepancy between guidelines 
and intake. 
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2.2.1 Australian guidelines 
In Australia, guidelines for feeding children are provided within the ‘Australian 
Dietary Guidelines’36 and ‘Infant Feeding Guidelines - Information for Health 
Workers’.54  These two documents were released in 2013 and 2012 respectively, 
replacing the ‘Dietary Guidelines for Children and Adolescents in Australia 
incorporating the Infant Feeding Guidelines for Health Workers’.85  This rescinded 
document, published in 2003, was current at the time of data collection for this thesis 
(2009 - 2010). 
The change from one document to two reflects the purpose and end-user of 
each document.  The ‘Australian Dietary Guidelines’36 provide nutrition information 
for healthy people in all age and gender groups.  They are designed for use by the 
general public, health professionals, policy makers and researchers as well as food 
manufacturers and retailers. The ‘Infant Feeding Guidelines - Information for Health 
Workers’54 are just that, information for health workers to guide “appropriate 
practice” regarding breastfeeding, use of formula and the introduction of solid foods 
in healthy term infants.  Health workers include professional and non-professional 
staff as well as voluntary workers. 
2.2.1.1 Australian Dietary Guidelines  
The document36 aims to provide clear and consistent guidance to consumers (of 
all ages) to improve diet and health.  With regards to young children, specific 
recommendations are given about the consumption of breast milk, infant formula, 
cow’s milk and juice along with broad guidelines about the appropriate introduction 
of solid foods between the ages of six and twelve months.  Particular details that 
relate to the thesis sample i.e. children aged between 12-16 months, are outlined 
below.   
Guideline 1 To achieve and maintain a healthy weight, be physically active and 
choose amounts of nutritious food and drinks to meet your energy needs36 
The first dietary guideline advises that children eat sufficient nutritious foods 
to grow and develop normally, and that their growth should be checked regularly.  In 
practice, growth trajectory is monitored by measuring and recording a child’s height, 
weight and head circumference using standard growth charts over a period of time.  
If a child is growing normally they approximately track along a percentile line on the 
chart.  How to assess growth and healthy weight in infants is outlined in the 
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guideline document.36  The most significant change from the 2003 edition85 is that 
use of the WHO growth standards32 is now recommended to monitor growth of 
Australian children less than two years of age (noted in section 2.1.3) instead of CDC 
charts.  For information on what amount constitutes “sufficient nutritious foods” 
(page 26)36 readers are referred to the Australian Guide to Healthy Eating9 (also 
discussed within this section of the literature review).   
No information on ‘how’ to feed young children is provided, perhaps because 
the evidence base linking specific maternal feeding practices/strategies with 
outcomes such as healthy growth and intake amongst toddlers, is lacking (section 
2.4.3.3).  The B-24 Project in the United States which is evaluating the evidence for 
inclusion of children from birth to 24 months of age in the ‘Dietary Guidelines for 
Americans’17 declared the “major impediment to inclusion in a comprehensive 
manner was the limited evidence to support specific guidance”.  
The Australian Dietary Guidelines36 do note that “childhood is a period of 
education about eating and good nutrition, so appropriate use of food is important in 
establishing healthy nutrition practices for life.  Food intake may drop off during the 
second year of life when parents’ encouragement and example may be needed” 
(page 26).  ‘Appropriate use of food’ and ‘encouragement’ are broad terms that could 
be interpreted in a variety of ways by parents.  Consumer information developed in 
conjunction with the revised dietary guidelines include two brochures ‘Giving your 
baby the best start’86 and ‘Healthy eating for children’.87  These are freely available 
on the website eatforhealth.org.au, but also contain no advice for parents on the 
‘how’ of feeding toddlers.   
There was more practical information in the 2003 edition of the guidelines.85  
That document described the developmental characteristics of young children (page 
31), noting the toddler years bring: 
 an intense time of exploration, 
 greater autonomy but also fear of new experiences, 
 a need for routine so that children feel secure and safe, 
 limited attention span with no concept of time, and 
 awareness and imitation of significant others. 
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Information regarding developmental characteristics in relation to food was 
also provided and is summarized here in Table 2.2.   
Table 2.2 Developmental characteristics of toddlers in relation to food, and 
strategies to encourage good eating habits, articulated in the 2003 Dietary 
guidelines for children and adolescents in Australia85 
General characteristics of toddler’s developing eating pattern: 
Small amounts of foods eaten frequently 
Toddlers need structure and routine, preferring meals and snacks at regular times 
Considerable variation in appetite, depending on growth rate and physical activity 
Prefer simply prepared, mild-tasting foods 
Associations of food with more than eating e.g. rewards 
Dawdling over meals is common as toddlers have no concept of time 
Strategies to encourage good eating habits: 
Establish routines where child and caregiver sit down and eat together 
Establish habits that ensure nutritional adequacy and variety e.g. water at bedtime 
Encourage independence by having a snack-box that a child can choose from between meals 
Sit at the table for meals 
Offer small amounts of food and have more available if they want it 
Provide food the child likes, plus a new food to try 
The caregivers’ responsibility lies in: 
Buying the food, setting the times of meals and snacks, preparing meals, and presenting 
foods in suitable forms 
Maintaining standards of behaviour at the table and making meal times pleasant   
Do not avoid serving a food that the child dislikes, place a small amount on the plate and 
accept it if they do not eat it 
 
Notably, the 2003 authors used the word ‘responsibility’ in relation to 
feeding.85  Responsibility is generally defined as being responsible i.e. trustworthy, 
involving important duties, having to account for one’s actions or being the cause of 
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something.88  The origin of this term, which is increasingly used in relation to 
feeding young children, is discussed in section 2.2.2. 
Similarly, information was provided regarding a child’s physical capabilities 
e.g. ability to grasp and release food with fingers, able to use a cup but action of 
releasing the cup is not yet coordinated.  This information is important because it 
helps parents to interpret toddler behaviour in light of normal child development, 
rather than cultural norms which are not necessarily sensitive to children’s needs.89, 90  
For example, spillage is not deliberate but occurs because fine-motor skills are not 
yet fully coordinated.  Similarly toddlers are easily distracted which is why they may 
find it difficult to sit during a meal for the same length of time as older children and 
adults, hence their need for small frequent meals over the day.73, 74  This practical 
information places the ‘how’ of feeding young children firmly within the framework 
of normal child development.  It is unclear why this information was not also 
included within the updated version of the guidelines.36  
Guideline 2 Enjoy a wide variety of nutritious foods from these five food 
groups each day36 
People of all ages are encouraged to consume a variety of foods from within 
each of the five food groups – vegetables, fruit, grain and cereal foods, lean meat and 
alternatives such as eggs, nuts, seeds and legumes, and dairy including milk, cheese, 
yoghurt and their alternatives.  Within this guideline, exclusive breastfeeding is 
recommended for around the first six months of life, at which time introduction of 
solid foods of appropriate texture may commence.  No particular order is suggested 
for the introduction of solid foods however a variety of colour, texture and type is 
recommended, to foster the development of a varied diet in childhood. 
Specific recommendations within this guideline for toddlers include: 
 “By 12 months of age, infants should be consuming a wide variety of foods 
consumed by the rest of the family, having progressed from pureed or 
mashed foods to foods that are chopped into small pieces” (page 43) 
 “Whole fruit is preferable to fruit juice”(page 43) 
 Milk given to toddlers should be pasteurised  
 Reduced fat milk,  yoghurt and cheese are not suitable for children under 2 
years of age 
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 Whole nuts should not be offered due to the risk of choking 
These suggestions on ‘what’ a toddler should be eating are very similar to the 
2003 guidelines,85 but as with the first dietary guideline there is almost no 
information regarding ‘how’ to feed.  Advice is limited to “as with all foods, some 
vegetables may need to be introduced more than ten times before being accepted” 
(page 43).   
Despite food refusal by young children being a common concern for parents 
(section 2.1.4), fussy eating and neophobia are not addressed.  Again this is in 
contrast to the 2003 guidelines85 which describe a “slowdown in the child’s growth 
rate” after their first birthday, “which may be reflected in a less reliable 
appetite...give the impression that some younger children are ‘poor’, ‘difficult’ or 
‘fussy’ eaters” but that “perceived erratic eating behaviour is not unusual at this 
age”. 
Guideline 3 Limit intake of foods containing saturated fat, added salt, added 
sugars and alcohol36 
The 2003 and 2013 guidelines are consistent with this message.  Low fat diets 
are not suitable for children under the age of two years, to ensure they receive an 
adequate supply of energy and fatty acids for growth and neurological 
development.36  The guideline specifically states that the “recommendation on fat 
intake for the adult population does not apply to young children; particularly those 
aged less than two years”.  However, if food preferences are largely established by 
2-3 years of age84 it would seem prudent to avoid offering foods which contain 
predominantly saturated fat – discretionary foods such as biscuits, cakes and cream –
to toddlers, instead using those containing polyunsaturated or monounsaturated fat 
such as oils, nut pastes and avocado.  Reduced fat milk is recommended from the age 
of two years. 
In order to limit intake of added sugars, milk and water are the recommended 
drinks for children and plain milk is preferable to flavoured milk (which is also 
categorised as a discretionary food).  Children should limit intake of sugar-sweetened 
drinks (i.e. soft drink, sports drinks, cordial, fruit drinks, energy drinks) though no 
specific recommendations are made within this guideline regarding fruit juice. 
Guideline 4 Encourage, support and promote breastfeeding36 
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This dietary guideline states an infant should be exclusively breastfed until 
around six months of age, i.e. only breast milk, no other food or fluids (including 
water) except medications, vitamins or minerals as required.  At around six months 
of age solid foods are introduced, and it is recommended that breastfeeding continue 
until 12 months of age and beyond, for as long as the mother and child desire.36   
Within the context of overweight and obesity, breastfeeding encapsulates the 
‘what’ and ‘how’ of feeding young children (referred to in section 2.1.2).  A meta-
analysis of ten studies (N=57859) indicated children who were ‘ever breastfed’ had 
significantly decreased odds of being overweight in childhood compared to children 
who were ‘never breastfed’, adjusted OR = 0.85 (95% CI: 0.74, 0.99).26  This 
reduction in obesity risk was seen despite the heterogeneity of the pooled studies.  
The exposure ‘ever breastfed’ included children who were exclusively breastfed, 
ever breastfed or fed both formula and breast milk during the first year of life, while 
the outcome of childhood overweight was measured anywhere between two and 14 
years of age.  An earlier meta-analysis of seventeen studies (N=120628) found a 
dose-response relationship between duration of breastfeeding and reduced odds of 
overweight, using exclusively formula-fed infants as the reference group91; <1 month 
of breastfeeding: OR = 1.0 (95% CI: 0.65, 1.55); 1–3 months: OR =0.81 (95% CI: 
0.74, 0.88); 4–6 months: OR = 0.76 (95% CI: 0.67, 0.86); 7–9 months: OR = 0.67 
(95% CI: 0.55, 0.82); >9 months: OR = 0.68 (95% CI: 0.50, 0.91).  This finding was 
replicated in a more recent analysis in 2014.53 
Several mechanisms have been suggested for the protective effect of 
breastfeeding.  Rapid growth in the first two years of life is associated with 
subsequent obesity (section 2.1.2),11, 24-26 and infants who are breastfed have a slower 
pattern of weight gain compared with children fed infant formula.36   
This may be due to ‘what’ the child is fed.  The higher protein content of 
formula compared with breast milk is thought to promote more rapid growth61, 65 
which is known as the “early protein hypothesis”.52  The Childhood Obesity Project 
concluded that “infant formula with a lower protein content reduces BMI and obesity 
risk at school age”52 but results reported within the study are mixed.  The project 
was a double-blind, randomized clinical trial that compared the growth of children 
fed higher protein content formula versus lower protein content formula with infants’ 
breastfed exclusively for at least three months.  Healthy infants born between 
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October 2002 and July 2004 were enrolled during the first eight weeks of life in five 
European countries (Belgium, Germany, Italy, Poland, and Spain). Formula-fed 
infants (n = 1090) were randomly assigned to receive higher protein- or lower 
protein-content formula in the first year of life while breastfed infants (n = 588) were 
enrolled as the reference group.  Compliance was monitored using three day weighed 
dietary records and the group receiving a higher protein formula had a daily protein 
intake approximately 1g/kg body weight higher than the group receiving lower 
protein formula at both three and six months of age.  Weight and height were 
measured when children were six years of age and used to calculate BMI (formula-
fed infants, n = 588; breastfed infants, n = 237).  
BMI in children fed higher protein formula as infants was 0.51 kg/cm2 (95% 
CI: 0.13, 0.90) higher at 6 years of age, compared to children fed lower protein 
formula. The odds of becoming obese at 6 years of age was 2.87 times (95% CI: 
1.22, 6.75) amongst children fed high protein formula compared with those fed low 
protein formula in infancy (adjusted OR) There was no significant difference in 
mean BMI or obesity risk between children fed lower protein content formula and 
the reference group of breastfed children. 
The effects of protein manipulation seem straightforward until looking at the 
comparisons between children fed high protein formula and breastfed children.  BMI 
was significantly higher in the high protein group compared to the reference 
breastfed children in unadjusted comparisons.  However after adjustment for 
established obesity risk factors such as socioeconomic status, maternal smoking in 
pregnancy and parental BMI this relationship was no longer significant; estimated 
difference = 0.24kg/cm2 (95% CI: -0.14, 0.63).  Similarly the adjusted odds of being 
obese at six years of age in the high protein group compared to the breastfed group 
was not significant (adjusted OR = 2.84, 95% CI: -0.94, 8.70).   
Breastfeeding is also an important example of ‘how’ a child is fed.  With 
unlimited access to the breast an infant can control their own milk intake, regulating 
their energy intake based on physiological need.  This early opportunity for self-
regulation may set the programming for future food intake, reduce overeating and the 
subsequent development of overweight and obesity.90  In contrast, formula feeding is 
parent-led, with the timing and amount consumed largely governed by parents rather 
than the infant.  Mothers who breastfeed at 12 months of age have been shown to use 
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restrictive feeding practices less often with their toddlers,92 perhaps allowing children 
to continue to respond to their internal cues for hunger and satiety as they did in 
infancy.  These concepts are explored further in sections 2.4.2.1 and 2.4.3.5.  Overall 
the majority of literature examines child outcomes in relation to breastfeeding in the 
first year of life.  Much less is known about the health consequences for children in 
developed countries of breastfeeding beyond twelve months of age.93   
Guideline 5 Care for your food; prepare and store it safely36 
For completeness, the final dietary guideline will be mentioned here, but not 
discussed.  It provides information on food preparation and storage to prevent food-
borne illness.  This is important but no specific information is provided regarding 
toddlers. 
2.2.1.2 Infant Feeding Guidelines – Information for health workers 
While the Dietary Guidelines36 provide overall recommendations across the 
life cycle, the infant feeding guidelines54 give specific advice to health workers 
regarding infant and young child feeding.  Although the word ‘infant’ is defined as 
babies aged 0-12 months, the guidelines do include information applicable to 
toddlers, emphasising that “Healthy eating in the second year of life builds on 
nutritious practices established in infancy.  It provides the energy and nutrients 
needed for growth and development, develops a sense of taste and an acceptance and 
enjoyment of different family foods, and instils attitudes and practices that can form 
the basis for lifelong health-promoting eating patterns” (page 1). 
The introduction notes that “from 12 months of age and beyond, toddlers 
should be consuming family foods consistent with the Australian Dietary Guidelines” 
(page 5).  While there is emphasis on children consuming family foods from 12 
months of age it is also noted that “solid foods should provide an increasing 
proportion of energy intake after 12 months” (page 88).  This is perhaps in 
recognition that the transition from a milk-based diet in infancy to family meals is 
gradual and may not have occurred by 12 months of age, but will in the months that 
follow.  More detailed information about the transition from infancy to toddlerhood 
includes 
 “Offer small, frequent, nutrient dense feedings of a variety of food from 
the five food groups”(page 88) 
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 Meet the nutritional needs of young children aged up to 24 months by 
continuing to breastfeed as often as desired 
 Continue to offer iron-fortified foods and meat or iron-rich alternatives  
 Offer milk or water as a drink.  Pasteurised full fat cow’s milk is suggested 
as a drink during the second year of life, being considered an excellent 
source of protein and calcium  
 Soy, rice or oat milks are suitable dairy alternatives after 12 months of age, 
provided full fat, fortified varieties are used 
 Give water and milk in a cup rather than a feeding bottle 
 Sugar-sweetened drinks and fruit juice should be limited adhering to the 
American Academy of Paediatrics recommendation that fruit juice be 
limited to 120-180ml per day for children aged over 12 months94 
 Tea, coffee and other caffeinated drinks are unsuitable  
 Special complementary foods or milks for toddlers are unnecessary (the 
exception being children offered a vegan diet, who should continue 
breastfeeding or be offered a commercial soy-based infant formula to 2 
years of age or beyond) 
 Messages relating to safety are repeated from the dietary guidelines - avoid 
giving whole nuts to children under 3 years of age and offer only 
pasteurised full fat milks parents 
There is an emphasis on avoiding foods that are energy dense and nutrient poor 
- “consumption of nutrient-poor foods with high levels of fat/saturated fat, sugar, 
and/or salt (e.g. cakes biscuits, confectionery and potato chips) should be avoided or 
limited”(page 89).54  As with the Dietary Guidelines,36 the Infant Feeding 
Guidelines54 offer specific advice on ‘what’ foods to offer young children but 
provide little information on ‘how’ toddlers should be fed i.e. what parents need to 
know about normal toddler development and how to interact with their child while 
feeding to foster healthy food preferences and growth.  A general statement is 
provided - “parents who model enjoyment of nutritious dietary practices set the 
scene for good nutrition throughout childhood and beyond” (page 89).   
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2.2.1.3 The Australian Guide to Healthy Eating 
In Australia, there has been an attempt to provide more specific guidance on 
‘what’ to feed toddlers in ‘the Australian Guide to Healthy Eating’ (AGTHE).9  This 
is the food selection guide currently in use in Australia which was also updated in 
2013 to coincide with the release of the revised dietary guidelines. 
The AGTHE provides information as to the number of servings to be 
consumed each day by children and adults (six months to 70+ years) from each of the 
five core food groups – fruit, vegetables and legumes, grain and cereals, 
meat/alternatives and dairy/alternatives as well as unsaturated fats and oils and 
discretionary choices.  Discretionary choices are foods which are energy-dense and 
nutrient poor and should be eaten only sometimes and in small amounts.  These 
foods are high in kilojoules, saturated fat, added sugars, added salt or alcohol and 
include items such as butter, cream, sweet and savoury biscuits, cakes, sweetened 
beverages, pastry items, confectionery, chocolate and carob, fried takeaway foods, 
and ice cream.95   
Prior to 2013, the AGTHE did not provide recommended serving sizes for 
children under the age of four years.96  Limited data regarding the nutrient 
requirements and dietary intake of young children has limited the development of 
specific guidance for consumers around what actual food intake should be, both in 
Australia and overseas.  However in recognition of the importance of food intake and 
growth patterns in early life - the first ‘1000 days’17 mentioned in section 2.1.3 – 
there is a need to provide guidance for clinicians and parents during this period.  
Hence the revised edition of the AGTHE9 does include sample daily food patterns for 
children aged 6-12 months, 1-2 years and 2-3 years.   
The first step in developing a daily food pattern was the translation of the 
Australian Nutrient Reference Values71 into food consumption patterns known as the 
foundation and total diets.  These are described in ‘A modelling system to inform the 
revision of the Australian Guide to Healthy Eating’.95  A foundation diet represents 
the dietary pattern which meets the recommended dietary intakes (RDI) of ten key 
nutrients - protein, thiamin, vitamin A (as retinol equivalents), vitamin C, folate, 
calcium, iodine, iron, magnesium and zinc - and the estimated energy requirement 
for the smallest, youngest and least active individuals in each age and gender group.  
The composite food groups used in this modelling were fruit, green and brassica 
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vegetables, orange vegetables, legumes, starchy vegetables, other vegetables, nuts 
and seeds, wholegrain and high fibre cereals, refined cereals, 
poultry/fish/seafood/eggs/legumes, red meats, and dairy foods, and include an 
allowance for unsaturated spreads and oils.  The foundation diet for children aged 
13-23 months is shown in Table 2.3.   
A limitation to the recommendations for children aged 13-23 months is that 
they are derived from the food intake patterns of 2–3 year olds, as there is no 
representative food intake data from Australian children aged less than 2 years.  
Intake data for 2-3 year-old children was obtained from the 2007 Australian National 
Children’s Nutrition and Physical Activity Survey.39  However the assumption that 
children aged 12-23 months have the same dietary pattern as children aged 2-3 years 
may not be correct if younger children are still making the transition to family foods.  
Page 88 of the Infant Feeding Guidelines states “solid foods should provide an 
increasing proportion of energy intake after 12 months”.54   
Total diets are the foundation diets plus additional choices to meet the energy 
needs of more active individuals in each age and gender group.  These additional 
choices may be additional core foods or unsaturated spreads and oils or discretionary 
foods.  Total diets have not been developed for children less than two years of age. 
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Table 2.3 Foundation dieta for boys and girls aged 13-23 months, achieving 
RDI and energy requirement of children aged 13 months with an activity level 
considered very sedentary 95 
Composite Food Group Serve size Serves over 7 days 
Starchy vegetables 75g 2.5 
Green and brassica vegetables 75g 3.5 
Orange vegetables 75g 3.5 
Legumes 75g 1 
Nuts/seedsb 30g  0 
Other vegetables 75g 7 
Fruit 150g 3.5 
Wholegrain or high fibre cereals 40g bread equivalent 16 
Refined or lower fibre cereals 40g bread equivalent 8.5 
Meat and alternatives (minus red) 65g red meat equivalent 3.5 
Red meats (beef, lamb, veal, pork) 65g 3.5 
Dairy (milk, yoghurt, cheese) 250g milk equivalent 8 
Additional allowance for unsaturated spreads/oils  
Polyunsaturated margarine or nut/seed pastec 10g 3.5 
a the dietary pattern which meets the recommended dietary intakes (RDI) of protein, thiamin, vitamin 
A (as retinol equivalents), vitamin C, folate, calcium, iodine, iron, magnesium and zinc and estimated 
energy requirement for the smallest, youngest and least active individuals in the age and gender group 
b Excluded due to the risk of choking 
c Or 7g serve of unsaturated oil 
This foundation diet forms the basis for the sample daily food patterns for 
children aged 1-2 years described within the AGTHE9 and shown in Table 2.4. 
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Table 2.4 Sample daily food pattern for toddlers aged 1–2 years in the 
Australian Guide to Healthy Eating9 
Food Serve size Serves a day 
Vegetables and legumes/beans 75g 2–3 
Fruit 150g ½ 
Grain (cereal) foods 40g bread equivalent 4 
Lean meats, poultry, fish, tofu, eggs, legumes 65g 1 
Milk, yoghurt, cheese and/or alternatives 250g milk equivalent 1–1½ 
Plus an allowance for unsaturated spreads/oils or nut/seed paste of 1 serve (7–10g) per day  
 
Two key changes occur in the translation of the foundation diet95 into the 
recommended dietary pattern of the AGTHE9 – the time period over which 
recommendations are given, and the food groups used.  No explanation for these 
changes is given, though perhaps it is an attempt to simplify nutrition messages for 
the consumer.  Unfortunately these modifications result in a lost opportunity to 
provide parents with information about appetite regulation and the development of 
food preferences in toddlers.  
Firstly, the time periods over which recommendations are given.  The food 
modelling system provides 7-day diet modelling i.e. serves per week, which “were 
chosen rather than per day to convey the message that it is not necessary to consume 
the same pattern of food intake everyday but that average weekly intake should be 
consistent with the patterns shown” (page 9).95  In contrast, the AGTHE converts the 
recommendations for children 13-23 months into ‘serves a day’9 and serve sizes 
presented are based on adult recommendations.  It is unknown how consumers view 
the ‘serves a day’ described in the AGTHE.  If a parent interprets this as the amount 
their child ‘should’ eat each day, does this prompt the use of unresponsive feeding 
practices19 in reaction to the food refusal commonly exhibited by toddlers?   When 
this issue was raised by the candidate during the public consultation process for the 
development of the AGTHE,97 the Dietary Guidelines Working Committee 
responded that “this concern would be considered … in developing consumer and 
educator resources” (page 37).  Indeed, within the Australian Dietary Guidelines 
Summary98 document it states that the sample daily food patterns for toddlers “is a 
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guide only as there can be wide variations at this age… most toddlers will consume 
much smaller quantities at any one time but have these foods more frequently” (page 
43).  The committee also noted that “the current information is based on the food 
modelling system and the scientific basis outlined for calculating nutritional 
requirements as per the nutrient reference values” (page 37).97 It is important to 
consider whether use of the AGTHE9 as a tool to meet nutrient requirements is 
appropriate in an obesogenic environment, given that access to excess food is the 
major threat to health in Australia today, rather than nutrient deficiency.   
Secondly, the food groupings are simplified.  The modelling system provides 
specific recommendations for starchy vegetables, green and brassica vegetables, 
orange vegetables, legumes and other vegetables.95  Within the AGTHE these foods 
are combined into one group ‘vegetables and legumes/beans’ losing the emphasis on 
a need to consume a variety of vegetables.  Exposure to a variety of vegetables at 13-
23 months of age is particularly important to foster long-term varied food 
preferences84 but again; this information is not communicated to parents.  Similarly 
two groups ‘wholegrain or higher fibre cereals’ and ‘refined or lower fibre cereals’ 
are combined to form ‘grain (cereal) foods’.  The foundation diet gives specific serve 
recommendations for red meat (in addition to other meats), while in the AGTHE all 
meats are combined into one group ‘Lean meats, poultry, fish, tofu, eggs, legumes’ 
and the emphasis on the importance of toddlers consuming red meat is lost.    These 
changes highlight the difficulty inherent in translating scientific information into 
comprehensive, yet accessible guidelines for consumers.  
2.2.2 Feeding guidelines around the world 
Like Australia, countries around the world have developed their own dietary 
guidelines.  A summary and comparison of the guidelines of developed countries is 
shown in Table 2.5. 
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Table 2.5 Specific recommendations regarding toddlers within the feeding guidelines of developed countries 
Country of origin; Guideline; and recommendations regarding: 
Breastfeeding Food for toddlers Nutrients for toddlers ‘How’ to feed toddlers 
Australia; Eat for Health, Infant Feeding Guidelines, Information for Health Workers54; 2012 
Exclusive breastfeeding until 
around 6 months of age 
Continue breastfeeding until at 
12months of age and beyond, as 
long as mother and child desire  
Consume family foods consistent 
with the Dietary Guidelines 
Offer full-fat milk or water as a 
drink.   
Juice should be limited to 120-
180ml/day  
Toddler milks are unnecessary 
Limit foods high in saturated fat, 
salt or added sugar  
Offer iron-rich and iron-fortified 
foods 
 
Offer small, frequent, nutrient dense 
feedings  
Parents should model enjoyment of 
nutritious dietary practices  
Canada; Nutrition for healthy term infants: Recommendations from six to 24 months – a joint statement of Health Canada, Canadian Paediatric Society, 
Dietitian’s of Canada and Breastfeeding Committee for Canada99; 2014 
Exclusive breastfeeding for the 
first 6 months of life 
Continue up to 2 years and or 
longer 
Family foods by one year of age 
Limit cow’s milk ≤ 750ml/day 
Skim milk is not recommended 
Limit fruit juice and sweetened 
beverages 
Offer water as a drink 
Vitamin D supplement of 10µg/day 
for children 12-24 months who are 
breastfeeding  
Offer meat, fish, poultry or meat 
alternatives each day (i.e. iron-rich 
foods) 
Dietary fat restriction not 
recommended ≤ 2 years of age 
Practice responsive feeding based on 
hunger and satiety cues 
From 12 months of age, establish a 
regular schedule of meals and snacks 
Parents and caregivers should role 
model healthy eating 
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Country of origin; Guideline; and recommendations regarding: 
Breastfeeding Food for toddlers Nutrients for toddlers ‘How’ to feed toddlers 
European Union; Infant and young child feeding: standard recommendations for the European Union100; 2006 
Exclusive breastfeeding until 6 
months of age 
Breastfeeding should continue 
through the first 2 years of life and 
beyond 
Examples of food: Breast milk plus 
whatever the family is eating 
“provided” it is healthy 
Do not add salt or sugar to foods 
Limit juice to 120-180 ml/d 
 
No nutrient recommendations Rejection of new foods in normal... 
offer foods repeatedly... 8-10 
exposures 
Responsive care-giver to supervise 
child in a relaxed and undisturbed 
eating environment 
New Zealand; Food and nutrition guidelines for healthy infants and toddlers101; 2008 
Exclusive breastfeeding until 6m of 
age  
Continued breastfeeding until at 
least 12m or beyond 
 
Use full-fat cow’s milk but limit to 
<500ml/day 
Toddler milks are unnecessary 
Fortified plant based milk or goat’s 
milk are suitable alternatives 
Fruit juice is not recommended  
 
 
 
 
None Meal time tips for caregivers are 
included, such as “Accept that a 
toddler’s appetite and the amount 
they eat may vary from day to day” 
and “If your child is growing and 
developing appropriately, they are 
eating enough” 
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Country of origin; Guideline; and recommendations regarding: 
Breastfeeding Food for toddlers Nutrients for toddlers ‘How’ to feed toddlers 
Northern Ireland; Birth to five102; 2013 
Exclusive breastfeeding until 
around 6m of age  
Refers to WHO recommendation 
of continued breastfeeding up to 
two years of age or beyond  
Use full-fat cow’s milk until 2 
years 
Replace formula with cow’s milk 
Avoid tea, coffee, fruit drinks, soft 
drinks, herbal or diet drinks, 
flavoured milk 
Limit salt <2g/day 
“All children should be given 
vitamin A, C and D 
supplements...especially… children 
who are fussy about what they eat, 
children living in northern areas of 
the UK and those of Asian, African 
and Middle Eastern origin” 
Provide small meals and snacks 
Offer milk in a cup or beaker, not a 
bottle 
Appetites vary, “Be guided by what 
your child wants – don’t force them 
to eat if they don’t want to, but don’t 
refuse to give them more if they 
really are hungry” 
United Kingdom; Infant and Toddler Forum103; 2014 
No national recommendations or 
suggestions for toddlers 
 
Low fat, high fibre diet not 
recommended< 5 years of age 
Limit milk to 3x120ml per day 
Full-fat milk until 2 years of age 
Offer milk or water in preference to 
juice.  Dilute fruit juice 1:10 with 
water and only offer with 
meals/snacks 
Avoid tea, coffee and soft drink 
 
 
Vitamin A & D supplements for all 
children under 5 years 
 
Ten steps for healthy toddlers, 
including eat together as a family, 
offer nutritious foods but let your 
toddler decide how much to eat.  
Avoid food and drink as reward, treat 
or comfort.  Eat foods you would 
like your toddler to eat. Praise 
toddler when he / she tries something 
new – toddlers take time to learn to 
like new foods. 
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Country of origin; Guideline; and recommendations regarding: 
Breastfeeding Food for toddlers Nutrients for toddlers ‘How’ to feed toddlers 
United States; The Start Healthy Feeding Guidelines for Children Ages 6 to 24 Months104; 2004 
Exclusive breastfeeding until about 
6m of age 
No upper age suggested 
Offer full-fat milk 
Essential fatty acids - If cow’s milk 
is limited to two cups per day, add 
one tablespoon of soybean oil 
during food preparation to provide 
the required amounts of linoleic 
and α–linolenic acids 
Iron - intake of meat and infant-
fortified cereals is encouraged  
Supplement breastfed infants and 
infants receiving <500ml 
formula/day  with 200IU Vitamin 
D/day to reduce the risk of 
deficiency and the development of 
rickets 
Ten points addressing ‘how’ parents 
should introduce complementary 
foods 
World Health Organisation; Global Strategy for Infant and Young Child Feeding31; 2003 
Exclusive breastfeeding until 6 
months of age, with continued 
breastfeeding up to two years of 
age or beyond 
None None None 
Search strategy in Appendix A 
Exclusive breastfeeding means that a child receives only breast milk, no other food or fluids (including water), except medications, vitamins or minerals as required 
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Unique to guidelines in the United States and Canada is advice on ‘how’ 
parents should introduce food to their child.  This type of guidance may be 
particularly helpful to parents facing the emotional and developmental challenges of 
the toddler years.   
“The Start Healthy Feeding Guidelines for Children Ages 6 to 24 Months”104 
were developed jointly by the American Dietetic Association and Gerber Food 
Products Company and published in 2004 (though a review is currently underway 
investigating inclusion of children from birth to 24 months of age in the 2020 edition 
of the ‘Dietary Guidelines for Americans’17).  The Start Healthy Feeding Guidelines 
not only address the when, and what of feeding infants and toddlers but also how.  
For example, “how can parents establish a healthy feeding relationship?  The 
healthy feeding relationship is a division of responsibility between the parent and the 
child.  The parent sets an appropriate and nurturing feeding environment and 
provides appropriate healthy food.  The child decides whether and how much to eat”.   
In Canada, recommendations are made regarding infant and toddler feeding in 
“Nutrition for Healthy Term Infants: Recommendations from six to 24 months - A 
joint statement of Health Canada, Canadian Paediatric Society, Dietitians of Canada, 
and Breastfeeding Committee for Canada”.99  This document outlines eight guiding 
principles regarding feeding children aged between six and 24 months.  Two 
principles relate specifically to the ‘how’ of feeding “Responsive feeding promotes 
the development of healthy eating skills” and “From one year of age, young children 
begin to have a regular schedule of meals and snacks, and generally follow the 
advice in Canada's Food Guide”.  Within the text, parents are encouraged to feed 
based on the child's hunger and satiety cues and act as role-models by eating healthy 
foods.  Similar to the US guidelines the issue of responsibility is mentioned.  “The 
development of healthy eating skills is a shared responsibility… parents and 
caregivers provide a selection of nutritious foods… by one year of age, parents and 
caregivers take responsibility for when and where food is eaten by providing regular 
meals and snacks. At every age the child decides how much they want to eat and 
whether they want to eat at all… trust the child's ability to decide how much to eat 
and whether to eat”.99 
This ‘division of responsibility’ was first coined by an American Dietitian 
Ellyn Satter,105 to describe the concept that parents are responsible for what food 
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they serve to their children, and when and where they serve it, while children are 
responsible for how much of that food they eat and whether they eat any of it at all.  
Children are given this responsibility in order to preserve their innate capacity to 
self-regulate intake based on physiological need and evidence for self-regulation is 
examined in section 2.4.2. 
In the absence of official guidelines in the United Kingdom, two websites aim 
to provide information on nutrition issues for toddlers, with 
www.infantandtoddlerforum.org aimed at health professionals and a companion 
website, www.littlepeoplesplates.co.uk for parents.  An expert panel with 
backgrounds in paediatrics, psychology, nursing and dietetics develop the content, 
however the websites are owned by Nutricia Ltd, an international company 
manufacturing infant formula and foods.  Information is conveyed on the web pages, 
via downloadable fact sheets and study days for health professional and an app which 
allows parents to monitor the food intake and activity of children aged 1 – 4 years.  
When the candidate first accessed this website in 2009 the focus was on the specific 
amounts from each of the five core food groups that should be given to a toddler 
each day.72  Currently, the information is much less prescriptive, perhaps due to 
increasing awareness of the negative impact of controlling feeding practices on child 
intake and weight. The site emphasises offering toddler-sized portions of healthy 
foods, while letting the toddler decide how much to eat.  Portion sizes are given for 
an extensive list of individual foods,106 which were derived from studies of dietary 
intake in young children.5, 107, 108   
A key message within the guidelines from the US,104 Canada99 and the UK is 
the emphasis on allowing the child to decide how much food to eat.  The following 
section of this literature review explores dietary intake studies from Australia, the US 
and UK, and assesses what is known about Australian toddlers in relation to current 
feeding guidelines.36, 54     
2.3 DIETARY INTAKE OF YOUNG CHILDREN IN AUSTRALIA AND 
OVERSEAS 
There is a wealth of research investigating feeding practices in the first year of 
life – breastfeeding, use of infant formula and timing of introduction of solids - but 
very little data about what children are actually eating as they make the transition to 
family meals from around twelve months of age.109  Despite the potentially critical 
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importance of intake and feeding practices there is no representative food intake data 
from Australian children aged less than 2 years.  Australian population based studies 
of health and nutrition have included children aged 2 – 16 years39, 110 while nationally 
representative studies have been conducted in other countries.  Key findings from 
relevant studies will be examined in section 2.3.2, following this critique of dietary 
assessment methodology. 
2.3.1 Measuring dietary intake in young children 
Collecting accurate dietary data to provide estimates of usual food intake is a 
challenge and there is no agreed gold standard.  Young children have limited ability 
to conceptualise time and frequency111 and in children less than eight years of age, 
parents need to report intake on the child’s behalf.112  There are many factors that 
influence the accuracy of data collection, particularly the limitations of the 
methodology chosen and whether parents accurately report their child’s usual intake.   
2.3.1.1 Dietary assessment methods 
The three most common methods used in population studies to assess usual 
intake are shown in Table 2.6, the 24-hour recall, food frequency questionnaire 
(FFQ) and food record.  When interpreting the results of dietary intake studies it is 
important to consider the methodology used.  Notably, whether the method chosen is 
able to address the aims of the study (e.g. measuring food or nutrient intake, 
determining patterns of food intake, or comparing nutrient intake to standards such as 
RDIs) and perhaps most critical, is to consider the validity of the method chosen.  
Validity is defined as the ability of a dietary assessment method to capture food 
consumption data that reflects the true dietary intake of an individual.112  There are 
very few studies validating dietary assessment in children so it is more common to 
choose a dietary assessment method, and discuss the limitations associated with it. 
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Table 2.6 Common dietary assessment methods43, 113 
Method and description Uses Advantages / 
disadvantages 
24-hour recall 
Structured interview with 
trained interviewer asking 
participant to recall all food 
and drink during previous 
24-hour period 
Prompts for quantification of 
portion size often used 
Single day sufficient for 
estimating group means  
Repeated recalls needed for 
habitual intake of foods or 
nutrients 
Participant burden lower 
Does not alter individual’s 
usual intake 
Retrospective, relies on 
memory 
Expensive, skilled 
interviewers required  
Food frequency 
questionnaire 
  
Participant reports frequency 
of consumption of a defined 
list of foods, over a period of 
a week/month/year Requires 
detailed food list appropriate 
to population of study 
Used to rank individuals 
according to intake – 
quantification not as 
accurate as recalls or 
records 
Low participant burden 
Does not alter usual intake 
Can be self-administered 
Relatively inexpensive 
Retrospective, relies on 
memory  
 
Food record  
Written record of food and 
beverages consumed at time 
of consumption, over a 
specified period e.g. 3/5/7 
days.  Foods may be 
weighed or estimated using 
household measures e.g. 
cups, tablespoons 
Single day sufficient for 
estimating group means, but 
actual number of days 
required depends on nutrient 
of interest 
Prospective, does not rely on 
memory 
Higher participant burden  
Participants need to be 
literate 
Individuals may alter their 
usual food intake during 
recording period 
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2.3.1.2 Validation of dietary assessment method 
Doubly labelled water (DLW) is the gold standard for validating total energy 
intake as measured by commonly used dietary assessment methods.  The DLW 
technique measures total energy expenditure (TEE), and in free-living individuals 
with a stable weight, energy expenditure is equivalent to energy intake (EI).  To 
determine the accuracy of the dietary methodology, TEE can be compared to EI 
measured on dietary assessment, making an allowance for the fact that children are in 
positive energy balance due to growth, of 1-2% of energy intake.43 
A systematic review found only two studies validating dietary assessment 
method using DLW in children less than two years of age,112 both conducted in the 
United Kingdom.  In a group of 72 children aged 6-24 months, energy intake 
measured by 5-day estimated food record or 5-day weighed food record was not 
different to metabolisable energy measured by DLW.114  Similarly, in a study of 81 
children aged 1.5-4.5 years, there was no difference between reported EI on 4-day 
weighed food record and TEE measured by DLW.115  This same systematic review 
112 did include four studies validating energy intake as measured by 24-hour recall, 
but the age range of children studied was 3 - 11 years.  All four studies concluded 
that the multiple-pass 24-hour dietary recall was valid for group level estimates of 
energy intake but less reliable for assessing individual intakes.116-119 
In practice, DLW is not widely used because of the high cost, the burden on 
participants to consume the isotopes and provide at least two urine samples, and the 
laboratory skills required for analysis of these samples.  Similarly, the use of other 
biomarkers to validate dietary assessment methods in young children, such as serum 
vitamin levels or urinary nitrogen excretion,120 is rare.121  This is likely due to the 
difficulties associated with taking biological samples from young children, such as 
blood or 24-hour urine collection.   No studies have shown adequate correlation 
between biomarkers and three most common methods of dietary assessment (24-hour 
recall, FFQ or food record) in children less than two years of age. 
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Relative Validity 
It is more common to use relative validity, where one dietary assessment 
method is compared to another121 to assess the relative usefulness of a particular 
method or number of days of assessment.  Using a within-subject design, Fisher et al 
compared energy intake in toddlers (n=77) estimated by a single multiple-pass 24-
hour recall, to EI on a 3-day weighed food record.122  The authors assumed weighed 
record was a valid method, based on the comparisons with DLW mentioned 
earlier.114, 115  Mean estimated energy intake (sd) on weighed record was 885 (197) 
kcal - within 5% of the children’s estimated energy requirement.  Relative to the 
weighed record, the 24-hour recall overestimated energy intake by 29%, with mean 
EI (sd) = 1140 (299) kcal.  This type of comparison allows the most user-friendly 
assessment method to be employed within a study while providing insight into the 
magnitude of error associated with a given method. 
2.3.1.3 Estimation and misreporting by care-givers 
Misreporting provides significant challenges for the researcher investigating 
dietary intake.  Do parents accurately recall their child’s intake?  If they do 
remember what the child ate, do they report it accurately, or in some situations 
systematically over- or under-report intake? Ideally the dietary record is a list of 
items consumed - documented at the time of consumption - and therefore the 
participant does not have to rely upon memory.  This may not be the case if 
participants are reluctant to carry the diary with them, for example, and does not take 
into account errors in estimation or deliberate omission of foods.  The 24-hour recall 
and FFQ are retrospective methods that do rely on participant memory, which can be 
problematic.   
Forgetting to report foods may result in underestimation and as just discussed; 
the potential for overestimation of energy intake by up to 29% has also been 
documented amongst parents of toddlers.122  This may be because of errors by 
caregivers in estimating the portion size consumed or food spillage, or over-reporting 
intake due to the desire to portray their child as eating ‘well’ at an age characterised 
by fussy eating and neophobia.  It is assumed that increasing the number of days on 
which intake is recorded will overcome the error associated with forgetfulness or 
misreporting.  However, if a participant is systematically misreporting, they may do 
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so on every day collected123 and greater number of days of data collection will not 
overcome this bias.43   
An attempt to define misreporting of energy intake124 in the 2007 Australian 
National Children’s Nutrition and Physical Activity Survey (NCNPAS)39 used the 
Goldberg cut-offs.125  The NCNPAS was a nationally representative survey of 
dietary intake in 4487 children aged 2-16 years (though results of the most recent 
survey of dietary intake data – the 2011-12 National Nutrition and Physical Activity 
Survey,110 will be discussed in section 2.3.2).   
A quota of 1000 children in each age group corresponding to the Australian 
nutrient reference values (NRVs) - 2-3 years, 4-8 years, 9-13 years and 14-16 years - 
was adopted to allow sufficient numbers to make statistical comparisons of intakes 
with the reference values.  Intake of food, beverages and dietary supplements were 
collected using two 24-hour recalls: one face-to-face home visit and one telephone 
interview two weeks later.   Both recalls were used to determine an ‘estimate of usual 
intake’ for comparison with the NRVs, with the C-side software package (Software 
for intake distribution estimation) utilised to obtain estimates of usual nutrient intake 
distributions.  In children aged 2-3 years (n=1000), the average daily energy intake 
was 6166kJ which is comparable to the Estimated Energy Requirement (EER).  
When simply reporting intake e.g. proportion of sample consuming a particular food 
group, rather than comparing to an external reference, only data from the one 24-
hour recall conducted at home was used.   
This single 24-hour recall was used in a secondary analysis which aimed to 
identify misreporters.124  The ratio of reported energy intake to basal metabolic rate 
i.e. EI:BMR was compared with the estimated physical activity level (PAL)126 for the 
children in the sample.  EI:BMR should equal PAL and values laying outside set 
confidence limits i.e. the Goldberg cut-offs125 are considered misreporters.  Ideally 
PAL is objectively measured, but it was estimated for the young children 
participating in NCNPAS, based on a questionnaire that assessed physical activity.  
So while prevalence of misreporting amongst parents of children aged 2-3 years in 
the NCNPAS was low, with 96% considered plausible-energy reporters, 1.5% low-
energy reporters and 2.5% classified as over reporters124 – these figures remain 
estimates only. 
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The conclusion that most parents were plausible reporters seems reasonable.  
Children aged 2-3 years rely on their primary care-giver for provision of meals and 
snacks and are (ideally) supervised while eating.  It follows that parents are aware of 
what their child was offered and are able to accurately report their child’s intake.  
However the Goldberg cut-offs can only identify misreporters at the extreme ends of 
the distribution.126  This is problematic because low-energy or over reporters are not 
necessarily worse at reporting food and beverage intake.  Plausible reporters may 
also be misreporting but the amount is not so large that the participant falls into the 
extreme ranges identified using selected cut-offs e.g. a general tendency to over 
report amount consumed because food spillage is not taken into account.   
Another limitation of using this method to identify misreporters is that low-
energy or over reporters may actually have accurately reported what they ate on the 
day prior to interview.  It is entirely possible that an individual eats more/less than 
their energy requirement on any given day but their usual intake supports a stable 
weight (the single 24-hour recall is for assessing intake of a group, not representative 
of an individual’s usual intake112).  It is unknown whether this scenario can be 
applied to measuring intake in very young children, who are assumed to have stable 
day-to-day energy intake127 and a stable weight trajectory, and whose parents are 
reporting on their behalf. 
In a study of children aged 3-5 years (n=66) in Texas, in the United States, 
intake over a specific 12-hour period was recorded twice.128  First, study staff 
recorded the child’s intake using direct observation in the family home from 7am 
until 7pm.  On the following day, a second independent staff member conducted a 
dietary recall with the mother, asking her to recall the child’s intake from that 
previous day’s 12-hour period.   Twelve mothers underreported their child’s food 
intake while seven mothers over reported.  While the number of participants is too 
small to generalise, more white and Hispanic mothers underreported (mean = 800kJ) 
while African-American mothers over reported (mean 300kJ).  The implication is 
that mothers have a particular characteristic that causes them to systematically over- 
or under-report, which may or may not be deliberate.   
In studies investigating dietary intake in adults, under-reporting of energy and 
macronutrient intake is systematically associated with increased body fatness and/or 
dietary restraint.129  It is not known whether a mother’s own weight status influences 
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the accuracy with which she reports her child’s intake.  In the study by Fisher et al 
which found that a 24-hour recall overestimated toddler’s energy intake compared to 
a 3-day weighed food record,122 staff measured maternal height and weight and used 
this to derive BMI.  Difference in reported energy intake across methods was not 
associated with maternal BMI but child weight was associated with misreporting.  
Child weight and length were measured and used to derived weigh-for-length z-
scores using the US CDC percentile charts.33  Amongst the infants aged 7-11 months 
(n=80), lower weight-for-length z-score was associated with greater overestimation 
of energy intake on recall versus weighed record.  This association was not seen in 
the toddlers (12-24 months; n=77). 
An earlier study of 146 children aged 4-11 years, by the same author, used a 
particularly rigorous methodology.130  Energy intake was measured by interviewing 
children in the presence of their mother using three 24-hour recalls.  Some children 
completed only two recalls, though the proportion is not reported.  Accuracy of the 
recall was determined by comparing reported energy intake (EI) to total energy 
expenditure (TEE) measured by DLW.  Children with a reported EI less than 90% of 
TEE were defined as under reporters, those with a reported EI between 90% and 
110% of TEE as accurate reporters, while over-reporters were children with a 
reported EI above 110% of TEE.  Body weight was measured by study staff and 
body composition by dual energy x-ray absorptiometry. 
For the whole sample, reported EI was, on average, 14% higher than TEE.  
Consistent with adult studies, children who underreported their energy intake had 
higher relative weight and higher body fatness.  Notably, children who over reported 
EI had lower WAZ and lower percentage body fat compared to accurate reporters 
and under reporters.  Mean percentage body fat (sd) across over-, accurate- and 
under- reporters was 22(8), 27(11) and 31(12) percent respectively.  This may lend 
support to the notion that parents want to portray their leaner child as eating ‘well’.  
The studies discussed in this section have investigated misreporting of energy 
intake.  However these methods cannot identify selective misreporting i.e. 
deliberately choosing not to report a child’s intake of specific foods.  This may be 
because of the food itself e.g. not wanting to admit intake of ‘junk’ food i.e. a social 
desirability bias, or due to a particular characteristic of the parent or child.  In 
addition misreporting of foods does not affect all nutrients in the same way i.e. low-
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energy reporters may not necessarily have a low reported intake of other macro- or 
micro-nutrients.  Rangan et al who used the Goldberg cut-offs125 to identify the 
prevalence of misreporting amongst parents of children aged 2-3 years in the 
NCNPAS124 completed another analysis of that sample to identify any difference in 
reported food intake between plausible energy reporters and misreporters.131   
Children were divided into the age groups 2-8 years and 9-16 years, with intakes 
reported by parents in the younger group and by self-report in the older group.  
Children aged 2-8 years who were classified as low-energy reporters had lower 
reported frequency of consumption of both core and discretionary foods (fruit, 
vegetables, bread, milk, cheese, yoghurt, processed meat, cakes, buns, confectionary 
and fruit juice), as well as lower reported quantity of intake of these foods, compared 
with plausible energy reporters.  Reported frequency and quantity of intake of sugar-
sweetened beverages was similar for low-energy reporters and plausible energy 
reporters.  Hence one cannot assume when collecting dietary intake data that it is 
simply ‘junk’ foods that are not reported. 
The difficulty in accurately identifying which participants misreport and by 
how much, means there is no advantage in using any particular method to categorise 
misreporters or to exclude them from any given analysis.   
2.3.1.4 Variability in food and nutrient intake. 
While a degree of misreporting remains inevitable, there are other factors that 
can be addressed to ensure data collection is appropriate to answer the research 
question.  The number of days required to accurately describe intake depends on the 
food or nutrient of interest.  Collecting one day of intake per person (using either 
recall or record) is valid for group level estimates of food intake,43, 132 but cannot be 
used to determine the proportion of a sample that has an inadequate intake of a 
particular nutrient.  This is because the true distribution of usual diets (informally 
known as the bell curve) is much narrower than the distribution of daily diets.113  
Due to individual day-to-day variation, the flatter and wider curve produced by a 
single day of intake may overestimate the number of individuals that do not meet a 
particular cut-off. 
Variability is lowest in nutrients eaten regularly (i.e. found in a reasonable 
concentration in a wide range of foods), hence fewer days of recording are required, 
while up to 20 days of intake may be necessary to determine usual intake of nutrients 
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eaten only occasionally.129  Based on experimental studies by Birch et al young 
children are assumed to have minimal intra-individual variability in daily energy 
intake,127 due to their innate capacity to self-regulate energy intake.  As such, fewer 
days may be required to assess energy intake in children less than two years of age, 
compared to older children and adults.133  Evidence for self-regulation will be 
discussed in section 2.4.2 of this literature review.   
2.3.1.5 Other intake measures 
Researchers may take the information collected using traditional dietary 
assessment methodologies (Table 2.6) and use these to develop other indices of diet 
quality.  Rather than focusing on individual foods or nutrients, this “whole-of-diet 
analysis”134 is being used to explore the relationship between intake and health 
outcomes. 
Dietary Diversity and Variety 
Limited dietary diversity is considered a risk factor for poor nutrition in 
children.135  In the literature, dietary diversity score (DDS) is commonly used, being 
a simple count of individual foods or foods groups consumed on the day of the 
dietary survey.136  Diversity score has been positively associated with overall nutrient 
adequacy and child growth in developing countries.137  Dietary variety is a count of 
different foods eaten from within a given food group during a specified time 
frame.136  In developed countries the emphasis is on offering children a diverse and 
varied diet36 to support the development of healthy food preferences and prevention 
of chronic disease.138 
Diet Indices 
Some indices have been developed to reflect current health department dietary 
guidelines or food selection guides.  Two developed in the United States are the 
‘Revised children’s dietary quality index’139 for children aged 2-5 years and the 
‘Variety index for toddlers’,140 suitable for 2- to 3-year-olds.  This type of assessment 
tool is country specific, being based on the portion sizes from the food selection 
guide that was current at the time the index was developed, which limits the 
generalizability to other countries and ethnic groups. 
Diet Patterns 
Other studies take existing data and use principal components analysis to 
identify dietary patterns.134  The names and components of dietary patterns vary from 
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study to study e.g. ‘unhealthy pattern’,141 ‘less healthy’,142 ‘biscuits, sweets and 
crisps’143 or ‘non-core’.144  These patterns can then be assessed in relation to 
sociodemographic factors, child weight and growth, providing important insight into 
the development of chronic disease.  Despite these sophisticated techniques there is a 
lack of information about what very young children in Australia are eating. 
2.3.1.6 Summary 
Validation of dietary assessment methods in children less than two years of age 
is almost non-existent112 and hence no method can be clearly considered more 
suitable than another.  Collecting detailed information over a long period of time or 
using invasive techniques, puts a large burden on participants in terms of time 
commitment and motivation to continue with the study.145  The more detailed 
information collected, the longer it takes to collate and analyse data.  Similarly, 
methods driven by research staff, such as the 24-hour recall require more financial 
resources than a food record completed by a study participant at home.  Choosing a 
method requires a balance between participant cooperation, cost and data quality; 
while ultimately results need to be interpreted with the limitations of data collection 
in mind.  Overall, the single 24-hour recall is considered valid for assessing intake of 
groups.112, 132   
2.3.2 Dietary intake studies of young children 
This section summarises the existing data describing food and nutrient intake 
in Australian toddlers and a selection of relevant international studies.  A profile of 
intake studies conducted over the past twenty years is shown in Table 2.7, but these 
studies are difficult to summarise into key findings regarding toddler food intake.  
They are heterogeneous in methodology and cultural setting, hence only those 
studies considered directly comparable to the thesis sample are described in detail 
after the table. 
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Table 2.7 Summary of dietary intake studies conducted during the previous 20 years which have included toddlers  
Country of origin Survey Year  Age  Sample size Dietary assessment method 
Australia National Nutrition and Physical Activity 
Component of the 2011-2013 Australian 
Health Survey110 
2011-2012 > 2 years 12153 
(2-3 years 
n=561)  
1 x 24-hour recall 
 NOURISH and South Australian Infants 
Dietary Intake Study (SAIDI)144, 146 
2008-2010 14 months 551 1 x 24-hour recall 
 The Infant Feeding Activity and Nutrition 
Trial (InFANT)4 
2008-2010 18 months 177 3 x 24-hour recalls 
 National Children’s Nutrition and Physical 
Activity Survey39, 147 
2007 2-16 years 4487 2 x 24-hour recalls 
 Zhou et al148 2005-2007 1-5 years 300 3-day weighed food record 
 Chan et al2 2005 16-24 months 361 Consumption during previous 24-hour 
from specified list 
 Perth Infant Feeding Study II3 2002-2003 1-12 months 587 Telephone interview using range of open 
and close-ended questions 
 Childhood Asthma Prevention Study5 1998-2000 18 months 429 3-day weighed food record 
Brazil Pelotas birth cohort149 2004 3-48 months 4231 Consumption during previous 24-hour 
from specified list 
Brazil Nutri-Brasil Infância150 2007 1-2 years 715 1-day food record 
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Country of origin Survey Year  Age  Sample size Dietary assessment method 
Brazil & Czech 
Republic 
Pilot - Assessment of nutrient intake and 
food consumption among kids in Europe151 
2011 0-10 years 378 3-day food record and 2 x 1-day food 
records 
Canada Friel et al152 2003 3-12 months 2663 4-day food record 
China Child feeding in Beijing and Guizhou153 1999-2000 0-71 months 1236 Food frequency questionnaire 
Czech Republic Kudlova and Rames154 1998 9-24 months 88 3-day food record 
Denmark National Dietary Survey155 1995 1-80 years 3098 7-day food record 
Greece Growth, exercise and nutrition 
epidemiological study in preschoolers141 
2003-2004 1-5 years 2518 2-day weighed food record plus 1 x 24-
hour recall or food diary 
Finland Type 1 Diabetes prediction and prevention 
study156 
2003-2005 1-6 years 2535 3-day food record 
 The STRIP baby project157 1990-1992 8 months – 4 
years 
1062 3- and 4-day food record 
France Fantino et al158 2005 1-36 months 706 3-day weighed food record 
Germany Dortmund Nutritional and Anthropometric 
Longitudinally Designed Study159 
1985-1996 3-36 months 345 3-day weighed food record 
Italy Italian National Food Consumption 
Survey160  
2005-2006 0.1- 97.7 years 3323 3-day food record 
Mexico Mexican National Health and Nutrition 
Survey161 
2006 1-4 years 3552 Food frequency questionnaire 
Netherlands The Generation R study162 2003 14 months 3643 Food frequency questionnaire 
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Country of origin Survey Year  Age  Sample size Dietary assessment method 
New Zealand McLachlan et al163 Szymlek-Gay et al 164 1998-1999 6-24 months 136& 188 3-day weighed food record 
United Kingdom Diet and nutrition survey of infants and 
young children (DNSIYC)165 
2011 4-18 months 2683 4-day food record 
 Infant feeding 1995166 1996 14 months 5069 Food frequency questionnaire 
 Infant feeding in Asian families167 1994-1996 15-24 months 1057 Food frequency questionnaire 
 Avon Longitudinal Study of Pregnancy 
and Childhood. Children in Focus 
cohort107 
1994 18 months 1026 3-day food record 
 National Diet and Nutrition Survey168 1992-1993 18-54 months 1675 4-day weighed food record 
United States Falciglia et al169 2009-2011 12 & 18 months 118 3 x 24-hour recall 
 Feeding Infants and Toddlers Study – 
FITS 2008132 
2008  0-47 months 3273 1 x 24-hour recall 
 Feeding Infants and Toddlers Study – 
FITS 2002170 
2002 4-23 months 3022 1 x 24-hour recall 
 Lee et al171 1996-2000 6 and 14 months 113 1 x 24-hour recall 
United States Picciano et al172 Not specified 12-18 months 55 3-day food record 
 Skinner et al173 1992 4-24 months 94 1 x 24-hour recall 
Search strategy in Appendix A 
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There are no representative food intake data from Australian children aged less 
than 2 years. The most recent nationally representative survey of dietary intakes, the 
2011-12 National Nutrition and Physical Activity Component of the 2011-2013 
Australian Health Survey110 included 12153 people aged 2 years and over.  The 
sample included 561 children aged 2-3 years and 675 children aged 2-4 years.  Intake 
of food, beverages and dietary supplements were collected using two 24-hour recalls, 
one face-to-face and one telephone interview.   Food and nutrient intake as 
determined by the first 24-hour recall was published in 2014.110  While this survey 
did not include children within the age range of interest in this thesis i.e. 1-2 years, 
results are included in section 2.3.3 where relevant, because of the significant 
contribution the data makes to understanding the dietary intake of Australian 
children.   
For many years the only intake data available for children between 1- and 2- 
years of age came from the Childhood Asthma Prevention Study (CAPS).5  CAPS, a 
randomized controlled trial investigating primary prevention of asthma from birth to 
five years recruited families with a history of atopy in Western Sydney, Australia 
during 1998-2000.  The population of Western Sydney is generally considered of 
lower socioeconomic status though this study sample was not randomly selected - 
children were selected for their family history of allergy.  Parents had a higher level 
of education than the population in the area, leading the authors to suggest that the 
sample may in fact have better quality diets than would be seen in a random sample 
of Australian children in this age group.  Diets were assessed by three-day weighed 
food record for 429 children aged 16-24 months.174  The mean age at assessment was 
18.9 months and 70% of children were between 19 and 20 months of age.81 
This lack of dietary data for children between 1- and 2- years of age informed 
the planning of several Australian studies during the past decade, including 
NOURISH69 from which data in this thesis was derived.  Two other studies have 
recently been published.  In Adelaide, dietary intake was measured in children aged 1 
to 5 years (N=297) between 2005 and 2007.148  The aim was to describe adequacy of 
nutrient intake in pre-school children and parents recorded their child’s intake using 
a 3-day weighed food record.  Within the sample, data were available for 94 children 
aged between 1 and 2 years. 
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In Melbourne, the Infant Feeding Activity and Nutrition Trial (InFANT) was a 
randomised controlled trial conducted during 2008-2010, testing the effectiveness of 
an early childhood obesity prevention intervention delivered to first-time mothers.175  
InFANT and NOURISH are two of the four RCTs included in the EPOCH 
Prospective Meta-Analysis.68  Within InFANT175 the unit of randomisation was 
existing first-time parenting groups.  A Dietitian delivered the intervention from 
when the children were three months of age until 18 months.  The program was 
designed to support positive parenting, diet and physical activity behaviours.  The 
control group received standard care, attending existing groups with the child health 
nurse.  The food and nutrient intake of 177 children participating in the control arm 
of the study was assessed at 18 months of age using three 24-hour recalls on non-
consecutive days.4 
Overseas, national dietary surveys have included children less than 2 years of 
age.  Relevant results from two of these studies will be discussed here.  The Feeding 
Infants and Toddlers Study (FITS) is a nationally representative, cross sectional 
study conducted in the United States.  The first FITS which collected dietary data 
from 3022 infants and toddlers aged 4 to 24 months of age, was completed in 2002 
and sponsored by Gerber Products Company.170  A second FITS was conducted in 
2008, funded by Nestlé after Gerber became a subsidiary company.  That survey was 
expanded to include children from birth to 4 years of age (N=3273).132  Dietary 
intake data were collected from a single 24-hour recall conducted via telephone.  The 
sample included 243 children aged 12-14.9 months and 251 children aged 15-17.9 
months.  A second recall was completed in a random selection of participants 
(n=701) for use in estimating usual nutrient intake and prevalence of inadequate and 
excessive nutrient intakes.   Two recalls were available for 58 children aged 12-14.9 
months and 52 children aged 15-17.9 months.   
In the United Kingdom, the ‘Diet and nutrition survey of infants and young 
children’ (DNSIYC) was conducted during 2011 to provide detailed information on 
the food and nutrient intake of children aged 4-18 months (n=2683).165  Intake was 
recorded by parents using a 4-day food record over four consecutive days, with 
amounts estimated using common household measures. 
Direct comparison of these studies is not possible given the differing dietary 
assessment methodologies, slightly different age groupings and various methods of 
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defining food groups. Studies have also reported different aspects of food and 
nutrient intake, depending on their outcome of interest; hence not all studies are 
included in every table in section 2.3.3.  However this section will bring together 
common aspects of these studies to illustrate what is known about food and beverage 
intake in toddlers.  
2.3.3 Food and nutrient intake by young children 
2.3.3.1 What are toddlers eating? 
 Table 2.8 summarises the daily gram intake of core food groups across two 
Australian studies and the DNSIYC.165  Neither FITS132, 170 nor the study in 
Adelaide148 are included because food intake (in grams) has not been published.  
Reported intakes are for the entire samples i.e. including consumers and non-
consumers.   
The variation in reporting between studies is apparent when looking at the 
table.  For example, within CAPS,5 milk is included in the ‘dairy’ group whereas in 
InFANT,4 milk intake was reported on separately, which is why the gram intake of 
dairy foods within Table 2.8 appears quite low.  Total dairy intake would be 
comparable between the two studies.  When information has not been reported in the 
published study, this is denoted in the table by ‘nr’.  The recommended daily dietary 
pattern for toddlers aged 1–2 years from the AGTHE9 is also included within the 
table but again, direct comparison is difficult.  Comparison assumes each study has 
accurately assessed usual intake and the limitations of dietary assessment in doing 
this are well known (section 2.3.1), as well as considering the appropriateness of 
daily recommendations for toddlers versus 7-day diet modelling for children aged 
12-23 months,95 as discussed in section 2.2.1.3.  
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Table 2.8 Daily gram intake of core food groups (mean and se) in selected studies of children aged 12 to 24 months (consumers and 
non-consumers), and recommended dietary pattern for toddlers 
Survey Age (months) N Method Fruit  Vegetables Meat/alt Cereals Dairy 
Childhood Asthma 
Prevention Study5 
16-24  429 3-day 
weighed food 
record 
76 (3) 53 (2) 32 (1) a 68 (2) 495 (12) 
Infant Feeding 
Activity and Nutrition 
Trial4; median (IQR) 
18  177 324-hour 
recall 
145 (82-215) 70 (31-125) 48 (8-54) 90 (63-118) 63 b (29-111) 
Diet and Nutrition 
Survey of Infants and 
Young Children 
(UK)165 
12-18  1275 4-day 
estimated 
food record 
96 (nr) 74 (nr) 29 (nr) nr nr 
Australian Guide to Healthy Eating recommended dietary pattern 
for toddlers aged 1–2 years9 
75 188                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          65 160 312
nr = not reported 
a Includes only meat and poultry; b Excludes milk
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Intake of fruit is generally high, and greater than that of vegetables, in contrast 
to the AGTHE9 which advises a higher intake of vegetables.   This is not surprising 
given fruit appeals to young children’s innate preference for sweet food unlike 
vegetables which tend to be bitter.176   Intake of meat/alternatives across the three 
studies is less than that recommended in the AGTHE9 though the food groupings do 
differ across studies and the AGTHE. 
Table 2.9 summarises the main findings regarding nutrient intake across the 
three Australian and two international studies of children aged between 1 and 2 
years.  Again, direct comparison is not possible however the figures are surprisingly 
consistent given the different methodologies.  Within the Adelaide study,148 energy 
intake was comparable to the estimated energy requirement for this age group, while 
in CAPS5 mean total EI exceeded the EER in both boys and girls by about 10%.  
These figures were not reported by the remaining studies. 
Reported intake of protein, calcium and iron exceed estimated average 
requirements as outlined in the Nutrient Reference Values for Australia and New 
Zealand,71 consistent with the idea that access to excessive amounts of food is the 
major threat to health in Australia today, rather than nutrient deficiency.  Generally, 
toddlers are shown as having adequate micronutrient intakes from food and 
beverages (excluding vitamin and mineral supplements) and the results from 
individual studies are shown in  
Table 2.10.  Iron intake is discussed separately in section 2.3.3.5. 
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Table 2.9 Total daily nutrient intake (mean and se) in selected studies of children aged 12 to 24 months 
Survey Age (months) N Method Energy (kJ)  Protein (g) Total fat (g) Calcium (mg) Iron (mg) 
Childhood Asthma 
Prevention Study5 
16-24  429 3-day 
weighed 
food record 
4378 (48) 40 (0.5) 43 (0.6) 775 (14) 6 (0.2) 
Adelaide148; 
median (IQR)  
12-24 94 3-day  
weighed 
food record 
4241 (3571-4883) 43 (37-52) 40 (30-47) 823(667-1000) 6 (5-8) 
Infant Feeding Activity 
and Nutrition Trial4 
18  177 324-hour 
recall 
4473 (779) 47 (12) 39 (9) 774 (229) 7(2) 
Feeding Infants and 
Toddlers Study 2008a 
(US)177 
12-23 200 224-hour 
recall 
4792 (36) 44 (0.4) 42 (0.4) 892 (8.5) 10 (0.1) 
Diet and Nutrition Survey 
of Infants and Young 
Childrena (UK)165 
12-18  1275 4-day 
estimated 
food record 
4070 (870) 38(10) 38(10) 790(260) 6(3) 
Australian Estimated Average Requirement for children 1-3 years 71 12 - 360 4 
a includes intake from dietary supplements 
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Table 2.10 Proportion (%) of Australian children aged 12 to 24 months meeting the estimated average requirement for selected 
micronutrients 
Survey Age (months) N Method Iron Zinc Calcium Vitamin A Vitamin C 
Childhood Asthma Prevention 
Study5 
16-24  429 3-day 
weighed 
food record 
77 98 92 93 86 
Adelaide148 12-24 94 3-day 
weighed 
food record 
84 97 96 nr 82 
Infant Feeding Activity and 
Nutrition Trial4 
 
18 177 324-hour 
recall 
89 100 96 90 86 
nr= not reported 
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Intake reported as group means (whether gram food intake or nutrient intake) 
does not reveal the complete story with respect to dietary quality or adequacy.  It is 
also important to consider the proportion of a sample consuming a given food group, 
as well as the contribution of each food group to overall energy intake.  The 
proportion of children consuming foods from each of the core food groups is noted in 
Table 2.11.  In the analysis of nutrient intake within FITS (that was shown in Table 
2.9), intake was reported for the age group 12-23 months.177  However when the 
proportion consuming each food group was published,178 this age group was split 
into three-monthly intervals.  Therefore results for children aged 12-14.9 and 15-17.9 
months are reported in Table 2.11. 
These figures highlight again the difficulty of comparing studies with differing 
methodology.  One would expect the proportion of children eating fruit and 
vegetables to be higher in a study using multiple days of dietary intake, compared to 
a study using a single day and this is reflected in Table 2.11.  This is because the 
multiple days of measurement account for the child who eats a food group on ‘some’ 
days, while the single recall may not capture this.  However, the five core food 
groups by definition should be eaten every day9 and not consuming fruit and 
vegetables every day would be considered sub-optimal. 
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Table 2.11 Proportion (%) of sample consuming at least one food from each of the core food groups during the dietary survey, in 
selected studies of children aged 12 to 24 months 
Survey Age (months) N Method Fruit  Vegetables Meat / poultry Cereals Dairy 
Childhood Asthma Prevention 
Study5 
16-24  429 3-day weighed 
food record 
88 97 92 100 100 
Infant Feeding Activity and 
Nutrition Trial4 
18  177 324-hour 
recall 
98 95 81 100 96 
Feeding Infants and Toddlers 
Study 2008 (US)177 
12-14.9 243 124-hour 
recall 
74 72  91 99  nr 
Feeding Infants and Toddlers 
Study 2008 (US)177 
15-17.9 251 124-hour 
recall 
75 71 91 98  nr 
Diet and Nutrition Survey of 
Infants and Young Children 
(UK)165 
12-18  1275 4-day estimated 
food record 
92 nr nr nr nr 
nr = not reported 
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Given the well-recognised importance of fruit and vegetable consumption, a 
high proportion of fruit and vegetable consumers might be taken as a marker of 
overall diet quality within a population.  However, just as the intake figures in Table 
2.8 need to be interpreted in light of food group classification, so do the proportions 
in Table 2.11.  In CAPS, despite fruit products being consumed over the three days 
of the survey by 88% of children and vegetables by 97%, 95% of children had 
intakes of dietary fibre below the Adequate Intake (AI).5, 71  The food group 
classification used in CAPS includes fruit juice as ‘fruit’, which may inflate the 
prevalence of fruit consumption.  Since fruit juice is lower in fibre than whole fruit; 
this may explain in part why most children had intakes of dietary fibre below the AI 
despite apparent high prevalence of fruit consumption. 
Another example is the classification of potato.  CAPS do not include fried 
potato within their vegetable food grouping,81 while FITS 2008 do.  Only 72% of 
children aged 12-14.9 months in FITS ate vegetables on the day of the 24-hour recall 
and the most commonly consumed vegetable was French fries/fried potato, eaten by 
19% children in this age bracket.178 Twelve per cent of children aged 15-17.9 months 
ate French fries/fried potato. 
Similar results have been seen in a semi-quantitative Australian study.2  
Mothers (n=374) of children aged 12-36 months were randomly selected from the 
Child Youth Women’s Health Service database in Adelaide.  From a specified list of 
fruits and vegetables, 89% of children consumed fruit in the 24 hours preceding the 
survey and 85% vegetables.  However 17% ate fried potato/hot chips and for 5% this 
fried potato was their only vegetable.  Three percent of children consumed neither 
fruit nor vegetables in the previous 24 hours. 
Rather than reporting the total proportion of vegetable consumers, DNSIYC 
breaks this food group into four categories, which perhaps gives more insight into 
dietary quality.  The proportion of children aged 12-18 months consuming each 
category is reported - salad and other raw vegetables, 38%; vegetables (not raw) 
including vegetable dishes, 88%; chips, fried and roast potatoes and potato products, 
50%; and other potatoes, potato salads and dishes, 66%.165   
Within CAPS the three most commonly consumed foods in the meat/poultry 
group were regular beef mince, McDonald's chicken nuggets and beef sausages.179  
So while prevalence of meat/poultry consumption was high at 92% of children on 3-
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day food record, quality of food choice was poor.  This highlights the need to report 
types of foods consumed within each core food group. 
2.3.3.2 Contribution of core food groups to daily energy intake 
Table 2.12 summarises the contribution of core food groups to daily energy 
intake.  This information is only available for CAPS,5 FITS 2002,180 and the 
DNSIYC.165  Despite the difficulties in comparing results across studies of differing 
methodologies, one finding is consistent.  In young children, dairy and cereal foods 
provide the greatest contribution to daily energy intake.  Data for 2-3 year old 
children from the Australian Health Survey110 is also included in Table 2.12, and the 
same trend is seen in these older children. 
 
 Chapter 2:Literature Review 56 
Table 2.12 Contribution of core food groups to total daily energy intake, as a percentage, in selected studies of children aged 12-36 
months 
Survey Age (months) N Method Fruit Vegetables Meat / poultry Cereals Dairy 
Childhood Asthma 
Prevention Study5 
16-24  429 3-day weighed 
food record 
5 5 7 15 35 
Feeding Infants and 
Toddlers Study 2002 
(US)180 
12-14.9 243 124-hour 
recall 
nr nr 8 14 29 
Diet and Nutrition 
Survey of Infants and 
Young Children (UK)165 
12-18  1275 4-day 
estimated food 
record 
 6 7 8 24 27 
National Nutrition and 
Physical Activity Survey 
110 
2-3 years 561400a 1x24-hour 
recall 
8 5 9 19 21 
      
nr = not reported 
a Population weighted estimate 
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Based on the results presented so far it is difficult to make firm conclusions 
about the quality of children’s diets between one and two years of age.  CAPS5 and 
InFANT4 provide important insight into intake of Australian children aged 18 
months, but there are no data specific to children 12-16 months of age – a key 
transition period.   
Overall, studies show toddlers are meeting (or exceeding) their energy 
requirements, with half of their energy coming from milk and cereal products.  
Intakes of fruit, vegetables (with the exception of fried potatoes) and meat are 
generally low, so where is the remaining energy coming from?  The following 
section will examine what is known about the contribution of discretionary choices 
to the diets of young children.  Just as intake of fruit and vegetables are considered a 
marker of diet quality, higher intake of discretionary foods reflects poor dietary 
quality. 
2.3.3.3 Non-core foods and discretionary choices 
With the revision of the AGTHE in 2013, the terminology around non-core 
foods has changed.  Previously, foods which did not sit within one of the five core 
food groups – fruit, vegetables and legumes, grain and cereals, meat/alternatives and 
dairy/alternatives – were considered non-core foods or ‘extra’ foods.96  These foods, 
which are generally energy-dense and nutrient poor, are not considered necessary to 
meet the energy and nutrient requirements of an individual and include items such as 
biscuits, cakes, sweet and savoury pastries, confectionery, fast-food items, jams and 
spreads, margarine, butter, oils and cream.   
The classification of non-core foods within the 1998 edition of the AGTHE96 
included unsaturated fats and oils, which are potentially important sources of energy 
in the diets of all individuals, but particularly so for toddlers given low fat diets are 
not suitable for young children.36  The current edition of the AGTHE9 specifies a 
daily allowance of unsaturated spreads/oils (shown in Table 2.4) in recognition of the 
importance these foods.  The remaining non-core foods are now labelled as 
‘discretionary choices’ i.e. foods which are high in saturated fats, sugars, salt and/or 
alcohol.  No allowance of discretionary choices is given in the AGTHE for children 
aged 12 to 24 months, because these foods are not considered necessary.  The 
document states that “for younger children, up to about eight years of age, 
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discretionary choices are best avoided or limited to no more than ½ serve a day” 
(page 22)9 with half a serve being equivalent to approximately 300kJ. 
Unfortunately though, children are being introduced to discretionary choices at 
a very young age.  The Perth Infant Feeding Study II (PIFS II), a longitudinal study 
conducted during 2002 and 2003, collected information from 587 mothers via 
telephone interview when their child was age 4, 10, 16, 22, 32, 40 and 52 weeks.3   
Mothers were asked a series of open- and closed- ended questions about the types of 
food and beverage given to the child.  By 16 weeks of age, 7% of children had 
consumed biscuits and cakes, and 4% ice-cream.  By 52 weeks of age (i.e. 12 
months), 92% of children had consumed biscuits/cakes; 79% hot chips/French fries, 
and 68% ice-cream.  Infants have an innate preference for sweet and salty tastes 176, 
which is a key characteristic of discretionary choices, and need little encouragement 
to consume these foods.     
Discretionary choices also make a considerable contribution to the total energy 
intake of young children.  Amongst 2-3 year olds in the 2011-12 National Nutrition 
and Physical Activity Survey, discretionary choices provided 30% of total reported 
daily energy intake,110 which is equivalent to approximately 1800kJ in that sample – 
six times the recommended limit.9  Biscuits made the largest contribution to energy 
intake within the discretionary food group.110   
An analysis of the consumption of ‘extra’ foods in CAPS showed non-core 
foods contributed 27% of total energy intake in children aged 16-24 months.81  All 
children had at least one ‘extra’ food during the 3-day dietary record, though it is 
important to note that this classification of extra foods was based on the 1998 edition 
of the AGTHE and therefore included all fats and oils.  Intake of fats and oils was 
not excessive, contributing only 3% of total energy intake, with a mean daily intake 
of 6g (se=0.2).5  However, two-thirds of the children ate sweet biscuits on the 
majority of record keeping days and potato chips, chocolate and ice-cream were 
consumed by 54%, 38% and 24% of children respectively.   
Within InFANT,4 reported intake of ‘fats and spreads’ amongst children at 18 
months of age was also low, with a median daily intake of 3g (IQR = 1-7), while this 
food group (which included all fats and oils, cream, sauces and salad dressings) was 
consumed by 88% of children in the sample.  Savoury energy-dense snacks and 
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sweet energy-dense snacks were consumed by 63% and 86% of children 
respectively, though contribution to total energy intake was not published. 
The term ‘discretionary choices’ applies to beverages as well as foods and 
includes tea, coffee, alcohol and sweet beverages such as fruit drinks, cordial and 
soft drink.  Sweet beverages have potential to impact negatively on the health and 
growth of young children and as such the next section of this literature review is 
dedicated specifically to the intake of sweet beverages.   
Sweet beverages 
A common clinical scenario is a young, otherwise healthy child, presenting 
with reluctance to eat due to poor appetite and low tolerance of textured food.  
Typically, the child is not hungry because they consume large amounts of fluid such 
as milk, juice or sweetened beverages.72  High intake of these beverages can result in 
tooth decay or ‘toddler diarrhoea’ and may displace intake of other foods leading to a 
decrease in dietary variety and iron deficiency (which will be discussed later in this 
section).54  Of interest within the context of this thesis, is the contribution sweet 
beverages make to excessive energy intake amongst toddlers generally, given the 
implications for long-term food preferences and overweight (further discussed in 
section 2.3.3.4).   
Evidence supports the notion that the human body is poor at compensating for 
liquid sources of energy.  Excess energy consumed as solid food is usually offset by 
a reduction in subsequent intake but this adjustment is not as great after extra energy 
is consumed as liquid.181, 182  Sweetened beverages taste good (appealing to 
children’s innate preference for sweetness),176 and are readily available in large 
portions, making it easy to consume excess kilojoules, with an associated risk of 
weight gain.183  
The term ‘sweet beverage’ is defined within this thesis as fruit juice, fruit 
drink, cordial, soft drink and flavoured milks.  Fruit juice is of particular interest.  
Perhaps perceived as healthy due to the content of vitamin C and folate, fruit juice 
can contribute a considerable amount of sugar, and therefore kilojoules to the diet.  
Infant feeding guidelines around the world recommend that toddlers be offered only 
milk or water as a drink (Table 2.5).   Juice is considered unnecessary and should 
only be offered in small quantities (120-180ml/day), if at all.54   
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Despite these guidelines, there is evidence very young children are consuming 
juice and other sweet beverages.  Amongst the PIFS II3 in Perth (n=587), 12% of 
children had consumed fruit juice by 16 weeks of age, increasing to 68% of children 
by 12 months of age.  Two percent of children had consumed cordial or soft-drink by 
16 weeks of age.  In a sample of 374 mother-child dyads in Adelaide, 39% of 
children aged 12-36 months were reported to consume fruit juice on the day of 
survey, 18% had flavoured milk, 20% cordial, 22% fruit juice drink, and 9% of 
children drank soft drink.2   
It can be difficult to determine the intakes of fruit juice in some studies.  As 
with food intake, comparison of beverage intake across studies is limited by varying 
food group definition.  For example in CAPS cordials and soft-drinks are classified 
as non-core foods81 while juices are included within the fruit or vegetable groups5 i.e. 
intake of juice was not published separately.  Within INFANT, juice is classified as a 
sweet beverage,4 but not published separately.  Table 2.13 shows the reported intake 
of sweet beverages amongst Australian children aged 1-3 years.   
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Table 2.13 Proportion of Australian children aged 16 to 36 months consuming sweet beverages and median intake (grams) of whole 
sample 
Survey Age N Method Fruit drinks Cordial Soft drink Flavoured milks 
National Nutrition and 
Physical Activity 
Survey110 
2-3 years 561400a 1x24-hour 
recall 
44%b 114gc 
 
10% 47gc 6% 12gc 3% 8c 
Childhood Asthma 
Prevention Study81 
 
16-24 months 429 3-day 
weighed 
food record 
33% 81g 41% 30g 29% 100g nr 
Infant Feeding Activity 
and Nutrition Trial4 
18 months 177 324-hour 
recall 
31%  0g (median intake of fruit juice, cordial, soft drink, and 
flavoured mineral water combined) 
 
nr 
a Population weighted estimate 
b includes fruit and vegetable juices as well as fruit drinks 
c mean gram intake published
 Chapter 2:Literature Review 62 
The contribution of sweet beverage intake to overall energy intake was 
published for the National Nutrition and Physical Activity Survey.110  Children aged 
2-3 years derived 5% of their total reported energy intake from fruit/vegetables juices 
and drinks, cordial, soft drink and flavoured milks combined.  Detailed analysis of 
FITS 2002 showed that for children aged 12-24 months (n=1003), 100% fruit juices 
provided 6% of total daily energy with sweetened beverages (i.e. fruit drinks and 
carbonated beverages) providing 5% of energy intake.180  The contribution of 
sweetened beverages to total energy intake increased from 3% at 12-14 months of 
age to 6% at 19-24 months. 
The proportion of children with reported intake of sweetened beverages 
decreased between the 2002 and 2008 surveys, from 29% to 14% amongst children 
aged 12-14.9 months and from 37% to 30% in children 15-17.9 months of age.178  
This led the authors to conclude that health messages about suitable beverages to 
offer children are being heard by some care-givers.  However a comparison of data 
across three National Health and Nutrition Examination Surveys (NHANES) for 
children aged <1-5 years (n=3998) in the US184 (NHANES 1976–1980, NHANES 
1988–1994 and NHANES 2001–2006) revealed that the proportion of children 
consuming soft drink and fruit drink remained stable over the 30 year period at 
approximately 30% and 35% of the population respectively.  Consumption of fruit 
juice however increased from 30% of children in the first two surveys, up to 50% of 
the sample in NHANES 2001–2006. 
Overall, consumption of beverages that make no positive contribution to 
growth or to the development of healthy food preferences is prevalent amongst 
young children, and well above guidelines.  Intake of sweet beverages has been 
linked with overweight and obesity in children30 and the potential consequences of 
the intake of discretionary choices will now be discussed.     
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2.3.3.4 Consequences for young children of consuming discretionary 
choices 
Intake of discretionary choices by young children is of concern for several 
reasons.  It is a key time in the establishment of food preferences, when children are 
learning to like and to eat a variety of foods.185  There is the potential for 
displacement of nutrient-dense foods and of course, a high intake of energy-dense, 
nutrient-poor foods is an established risk factor for overweight and obesity in 
adults.51   
It is hypothesised that exposure to discretionary foods at a time that life-long 
food preferences are developing84 could result in a greater preference for and higher 
intake of discretionary choices over the life span.  The Infant Feeding Practices 
Study II (IFPS II) recruited women during their last trimester of pregnancy in 
2005.186  Children were followed from birth through to 12 months of age and 1542 
children from this cohort were recently assessed at age six years.187  Intake was 
assessed monthly from one to 10 months of age, at 12 months and at six years, using 
food frequency questionnaires.  Infants who consumed any sugar sweetened 
beverages between one and 12 months of age had twice the odds of consuming these 
beverages at six years of age, compared to infants who had not consumed any 
(OR=2.22, 95%CI: 1.59 to 3.10, adjusting for gender, birth weight, breastfeeding 
duration, and maternal age, ethnicity, education, marital status, income, pre-
pregnancy BMI and parity). 
Also, if discretionary choices are being consumed in preference to more 
nutrient dense foods, children may not receive the repeated taste exposure required to 
learn to like more bitter tasting foods, such as vegetables.1  If, as postulated, young 
children are able to self-regulate their energy intake, it is possible that they could 
achieve their daily energy requirement by eating discretionary foods while not 
reaching an adequate intake of nutrients.  An analysis of CAPS data showed that 
non-core foods displaced more nutrient dense foods in children at 18 months of 
age.81  Intake of non-core food was inversely related to total intake of core food 
consumed as well as intakes of dairy products, fruit and vegetables (effect sizes not 
published).  Intakes of calcium, magnesium, phosphorus, zinc, β-carotene, vitamin A, 
riboflavin and protein were significantly lower among children in the highest quintile 
of intake of non-core foods (non-core providing >37% of total energy intake) 
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compared with the lowest quintile (<16% total energy intake), effect sizes for the 
eight nutrients being -1.12, -0.71, -0.88, -0.42, -0.47, -0.60, -0.74 and -1.68).  The 
authors also proposed that their results may be biased in the direction of lower 
consumption of non-core foods than would be evident in a random population 
sample of Australian children at this age (due to the higher level of education of 
parents participating in the study compared with the population in Western Sydney 
from which the sample was drawn).    As such, these data potentially underestimate 
the magnitude of the problem. 
It is not clear what the long-term consequences of this finding are.  The cohort 
was followed up until 11.5 years of age (n=370)188 but that analysis examined 
predictors of BMI trajectory from age five to 11.5 years, not later food or nutrient 
intake.  There was no association between total non-core food intake at age 18 
months and subsequent BMI trajectory, and similarly no association between intake 
of cordial, fruit drink and soft drink combined and subsequent BMI trajectory.   
In contrast, intake of discretionary foods and beverages has been linked with 
overweight and obesity in other Australian studies.  An analysis of the 1995 
Australian National Nutrition Survey189 found that overweight and obese children 
(n=115) aged 2-4 years consumed significantly more non-core foods and non-core 
beverages (measured in grams) than children in the healthy weight range (n=431).    
Food intake data was obtained from a single 24-hour recall and non-core beverages 
were defined as any beverages excluding tea, coffee, water and milk, while weight 
status was defined using IOTF criteria.34  Data for the quantity of non-core foods or 
beverages consumed were published for three groups, healthy weight, overweight 
and obese; not for the two groups as compared in the statistical analysis – healthy 
weight and ‘overweight and obese’ combined.  When looking at those totals, children 
in the healthy weight range consumed 168g (sd=123) of non-core food, while 
children who were overweight consumed 176g (sd=152) and obese children 179g (sd 
= 152) during the 24-hour period.  A difference in 8-11 grams of non-core food 
intake on any given day does not seem like a lot, but given it is equivalent to only 
one plain sweet biscuit or two level teaspoons of sugar, this extra amount is very 
easy to consume.  Intake of non-core beverages across the three groups was 186g 
(sd=306), 184g (sd=289) and 336g (sd=379) for healthy weight, overweight and 
obese children, respectively.  This final figure is equivalent to approximately 320ml, 
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contradicting feeding guidelines to avoid soft drink or cordials and limit juice to 120-
180ml/day.54 
In a longitudinal study of 268 older Australian children – which like CAPS5, 81, 
179 was conducted in Western Sydney – intake of soft drink and cordial were 
associated with subsequent overweight status.190  Food and beverage intake was 
measured at seven years of age using a 3-day food record, while height and weight 
were measured at both seven and thirteen years of age.  BMI was calculated at both 
time points and overweight and obesity defined using IOTF criteria.34 Children were 
then classified into one of four groups, acceptable BMI at both time points (n=195); 
BMI gainers – acceptable BMI at baseline, but overweight/obese at follow-up 
(n=32), BMI losers – overweight/obese at baseline, but acceptable BMI at follow-up 
(n=13) and a fourth group - overweight/obese at both time points (n=41).  Median 
carbohydrate intake from soft drink/cordial at age seven was 10g per day higher in 
children who were overweight/obese at both time points, compared to those who 
were within the normal range for BMI at both time points (mean intake 20g (IQR=0-
71) vs 30g (IQR=0-108), p=0.002).  A similar difference was seen between the 
intake of children who were defined as BMI gainers, with a mean intake of 29g 
(IQR=0-92) of carbohydrate at age seven years, compared to the 20g consumed by 
children within the acceptable weight range.  An association was not seen between 
weight status and  gram intake of carbohydrate from fruit juice/fruit drink or milk 
(perhaps cordial and soft drink are markers of other poor lifestyle habits) but the 
result imply that consuming even a small amount of sweet beverage each day may 
contribute to the development of overweight and obesity in adolescence.  Notably, 
the 13 children who were ‘BMI losers’ may be the most important group with respect 
to the investigation of preventing and treating overweight and obesity, given that 
they have moved from overweight to an acceptable weight over the five year follow-
up. 
The conclusion that even a small daily intake of sweet beverages might 
contribute to the development of overweight, particularly in children already at 
increased risk of overweight, is supported by larger studies in the United States.  A 
longitudinal study of 1- to 4-year old children enrolled in the Special Supplemental 
Nutrition Program for Women, Infants and Children in the United States191 (N=971, 
mean age (sd) = 30(9) months) found that among children initially at risk of being 
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overweight or who were overweight (weight-for-height z-score ≥ 85th percentile33), 
each additional daily serving of fruit juice (one serving = ¾ cup) was associated with 
an additional BMI z-score gain of 0.009 sd per month over the 12 month study 
period.  While this is a small effect size, it was the only variable significantly 
associated with adiposity gain (adjusting for child gender and ethnicity, fruit and 
vegetable intake and selected parent feeding practices). 
These results were consistent with another much larger US longitudinal study 
of 10904 children aged 2- and 3-years which examined intake of sweet drinks – 
juice, fruit drinks and sodas.192  Children who were at risk of overweight at baseline 
(BMI 85th - <95th percentile, n=1579) and consumed 1 to <2 drinks/day, 2 to <3 
drinks/day and ≥ 3 drinks/day were 2.0 (95%CI: 1.3-3.2), 2.0 (95%CI: 1.2-3.2), and 
1.8 (95%CI: 1.1-2.8) times respectively more likely to become overweight, 
compared to children consuming <1 drink/day. Children who were overweight at 
baseline (BMI ≥ 95th percentile, n=1097) were also divided into beverage 
consumption categories as above, and all had twice the odds of remaining 
overweight, compared to children consuming <1 drink/day.  
The finding that very young children are consuming discretionary choices, and 
that consumption of discretionary choices is associated with adiposity in older 
children, means that this association requires further investigation in Australian 
toddlers.   
2.3.3.5 Recognition of the importance of iron intake in young children 
While the focus of this thesis is the relationship between child intake, weight 
and maternal feeding beliefs and practices in the context of obesity prevention, it is 
acknowledged that inadequate iron intake remains an issue for some children.  The 
Infant Feeding Guidelines54 described in section 2.2.1 emphasise the need to offer 
infants and toddlers iron-fortified foods and meat or iron-rich alternatives. This 
emphasis is because iron deficiency (ID) is significantly prevalent in developed 
countries193 including Australia, where it estimated eight to 25% of infants and 
toddlers have ID.194, 195 
Iron deficiency is characterised by depleted body iron stores as measured by 
serum ferritin concentration (≤ 10µg/L in toddlers 1-3 years of age).196  This 
depletion may be due to inadequate iron intake and/or absorption or excessive loss of 
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iron from the body, i.e. negative iron balance.  If negative iron balance continues, 
iron stores will eventually be exhausted.  Concentration of haemoglobin falls 
(<110g/L) and this is known as iron deficiency anaemia (IDA).195  IDA has peak 
prevalence between 6 and 20 months of age197 due to the rapid growth (and 
associated synthesis of red blood cells) that occurs during the first two years of 
life.194, 198  Both ID and IDA have severe consequences if left untreated, including 
behavioural problems, recurrent infections, poor appetite, lethargy, impaired growth 
and irreversible developmental delay.196 
In young children the most common cause of ID is diet related.72  There have 
been a number of small Australasian studies, specifically aimed at evaluating dietary 
factors associated with ID and IDA 199-202.  These factors include low intake of total 
iron including low meat consumption,197 poor intake of foods rich in vitamin C 
which promote iron absorption i.e. fruits and vegetables, and/or high consumption of 
cow’s milk i.e. ≥ 600ml/day.201  Cow’s milk contributes to ID through a number of 
mechanisms.203  Milk supplies negligible iron to the diet, due to its low iron content 
and low bioavailability.  Higher intake of milk may limit intake and diversity of other 
foods in a child’s diet,100 displacing iron-rich foods and foods which enhance iron 
absorption, while the casein and calcium in milk inhibit non-haem iron absorption.   
Finally, it is normal for healthy infants to lose small amounts of blood in their faeces, 
but increased blood loss due to consumption of cow’s milk is estimated to occur in 
40% of young children,203 thereby contributing to negative iron balance and ID. 
Meat, poultry and game products are the major dietary sources of haem iron 
and a lower intake of haem iron is a risk factor for iron depletion.  A case-control 
study of 12-36-month-old children in Sydney, Australia (n=56 iron depleted, n=68 
iron replete) measured iron status using plasma ferritin concentration and iron intake 
using 3-day weighed food record.201  Children with a low intake of haem iron 
(<0.71mg/day) were three times more likely to be iron depleted (plasma ferritin ≤ 
10µg/L) (OR=3.0, 95% CI: 1.4, 6.5).  This intake of haem iron corresponds to 
consumption of approximately 50g lean beef per day.  Intake of meat and poultry 
was much lower than this amongst 18-month-old children participating in InFANT 
and CAPS.  Within InFANT, children were consuming a median of 24g meat/ 
poultry per day (IQR=8-54) over three 24-hour recalls,4 and in CAPS mean intake 
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was 32g/day on 3-day weighed food record.5  Iron intakes were below the EAR in 
23% of CAPS children ( 
Table 2.10) which is not surprising given low intake of meat and poor quality 
choices, with two of the three most commonly consumed meats being chicken 
nuggets and beef sausages.179 
A longitudinal study of children in New Zealand (N=74) found an incidence of 
IDA of 7% at 9, 12 and 18 months of age, but none at 24 months.200  The authors 
explained this decrease in incidence, in part by an increase in intake of meat, fish and 
poultry between the ages of 18 and 24 months as measured by 24-hour food record.  
In another survey in New Zealand of children aged 6-23 months (N=316), ID was 
identified in 13% of children.199  Children were recruited in Auckland from 1999-
2002, using randomly selected residential addresses and ID identified using a slightly 
different definition to the other studies described thus far, defined as two out of three 
abnormal measures of iron status - mean cell volume (<72 femtolitres), transferrin 
saturation (<10%) and/or serum ferritin concentration (<10µg/L).  Dietary data were 
collected from the child’s carer at interview using a food frequency questionnaire.  
Daily consumption of cow’s milk was an independent risk factor for ID after 
adjusting for age, ethnicity, gestation, and socioeconomic status (RR=4.71, 95% CI: 
1.99, 8.56). 
An association between cow’s milk intake and iron depletion was shown in an 
Australian study of 191 children aged 6-24 months in Adelaide.202  Within this study, 
ID was defined as a ferritin concentration <15µg/L and amongst children aged 12 - 
18 months, 27% were classified as having ID and 7% with IDA. Multivariate 
analysis of variance with serum ferritin as a dependent variable, showed significant 
effects of increasing age and increasing intake of cow’s milk on depletion of iron 
stores, R2=0.22, p<0.001. Milk intake was measured by semi-quantitative 24-hour 
dietary recall and while actual volume consumed by children older than 12 months of 
age was not reported, 5% and 13% of 6–9-and 9–12-month-old infants respectively, 
consumed over a litre of cows’ milk on the day of the recall. 
The focus of this thesis is understanding the dietary intake of toddlers in the 
context of obesity prevention, however the health messages that can be 
communicated to parents whether for prevention of iron deficiency or promoting 
healthy growth trajectory are essentially the same i.e. offering a variety of foods from 
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each of the core food groups daily, with an emphasis on fruits, vegetables and lean 
meats/alternatives. 
2.3.3.6 Breast milk and infant formula 
This section, which has examined the existing food and nutrient intake data in 
toddlers, will conclude with a discussion of the contribution of breast milk, 
breastfeeding and infant formula to the diet.  The Australian Dietary Guidelines 
recommend continued breastfeeding until at least 12 months of age, and thereafter as 
long as desired by mother and child.36  Apart from data describing the prevalence of 
breastfeeding beyond twelve months of age, very little is known about the 
contribution of breast milk to the overall intake of toddlers.   
The 2010 Australian National Infant Feeding Survey (ANIFS) was the first 
survey to comprehensively document infant feeding practices in Australia.204  
Approximately 52000 children aged up to 24 months were randomly selected from 
the Medicare enrolment database.  Medicare is Australia's universal health insurance 
scheme and as such, the database contains information on every Australian citizen 
(as without registration an individual is unable to access universal free health care).  
Data were collected from carers regarding breastfeeding initiation and continuation 
via self-administered questionnaire (either paper or electronic copy).Breastfeeding 
initiation was high, with a total of 96% of children being ever breastfed.  Amongst 
children 13-18 months of age, 18% were receiving some breast milk and in the age 
group 19–24 months, 7% of children were receiving breast milk.204  
Continuation rates of breastfeeding beyond 12 months of age in Australia are 
similar to other developed countries.205  Among children in FITS 2008, 14% of 12-
14.9-month-old children consumed breast milk at least once on the day of the 24 
hour recall, and 4% of 15-17.9-month-olds.178 Within the DNSIYC in the UK, eight 
percent of children aged 12-18 months were breastfeeding,165 while in a cohort of 
Swedish children born in 2004206 (where rates of breastfeeding are amongst the 
highest in the world) 20% of children were breastfeeding at twelve months of age. 
InFANT describes prevalence and quantifies intake of breast milk at 18 months 
of age.4  Nine percent of the sample (N=177), i.e. 15 children received breast milk 
during the 3 x 24-hour recalls.  However median gram intake was reported for the 
whole sample only, which was equal to zero grams (IQR 0-0).  No other intake 
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studies,5, 110, 132, 165, 170 whose results have been discussed throughout section 2.3.3 
quantify breast milk intake.  Accurate quantitative data are difficult to obtain because 
of the relatively low numbers of children breastfeeding in the second year of life 
which results in small sample sizes and methods of estimation are difficult.  Most 
information about milk volumes and nutrient density of breast milk comes from 
laboratory based studies of mother-child dyads while infants are less than 12 months 
of age.207-209  In an analysis of the breast milk of 17 women over the first twelve 
months of lactation, mean 24-hour concentrations of fat, lactose and protein varied 
between women at any given time point, and concentrations of fat and protein 
decreased in the breast milk of each individual woman as duration of lactation 
progressed.210  One might assume the concentration of nutrients in breast milk also 
change as lactation continues beyond 12 months of age.  This highlights the 
difficulty of estimating the contribution of breast milk to nutrient intake within a 
given sample as nutrient density may vary between and within different participants. 
Similarly very little is known about the contribution of infant formula to 
dietary intakes in the second year of life, at least in part due to lack of representative 
dietary intake data of Australian children under the age of two years.  Infant feeding 
guidelines recommend that infants who are not breastfed are given an appropriate 
‘infant formula’ during the first year of life and also that follow-on formula 
(marketed for children aged 6-12 months) and special toddler milks are 
unnecessary.54  It is likely that this recommendation is not being adhered to.  Within 
InFANT,4 16% of children consumed “infant or toddler formula”  during the 3 x 24-
hour recalls, though as with breast milk, median intake was reported for the whole 
sample giving a figure of zero (IQR = 0-0).  In the 2011-12 National Nutrition and 
Physical Activity Survey,110 3% of children aged 2-3 years consumed some type of 
infant formula on 24-hour recall.  The median intake of consumers was published at 
287g (95% margin of error = 55) though this estimate was considered unreliable by 
the Australian Bureau of Statistics due to its large standard error. 
This is of concern given that formula intake during the first year of life is 
associated with rapid growth and the development of overweight and obesity.61, 65  
Feeding guidelines in the European Union100 imply that excess intake of formula 
may limit the development of a dietary diversity, though there are no studies 
examining this association.  The influence of infant formula on dietary intake and 
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growth in the second year of life needs investigation.  More detailed data on the 
intake of breast milk and formula in the second year of life will also inform clinicians 
and researchers as to what toddlers’ diets actually look like in the transition from 
infant feeding to family foods, assisting with diet modeling and consumer education. 
2.3.4 Dietary intake – a summary 
It seems that the quality of food and beverages consumed by Australian 
toddlers is less than ideal.  Intake of fruit, vegetables and lean meats are poor, 
inconsistent with current dietary guidelines.  Very young children are regularly 
consuming discretionary foods and sweet beverages.  This has implications for the 
development of long-term food preferences, a healthy growth trajectory and the 
development of chronic disease.  There is also very little data on the frequency and 
volume of consumption of breastmilk and formula in toddlers and the associated 
contribution to food and nutrient intake profiles in this age group. 
2.4 INFLUENCES ON THE DIETARY INTAKE OF YOUNG CHILDREN 
This section of the literature review explores the factors that influence the 
quality and quantity of foods offered to and consumed by young children, and 
considers why the dietary intake of toddlers is less than ideal.  These factors can be 
divided into two key categories, child-centred and parent-centred, but these 
categories are not mutually exclusive. It will become apparent that “in all likelihood 
there is considerable reciprocal influence in parent-child interactions”.211  While the 
bi-directional interaction between parent and child could be considered the primary 
influence on the dietary intake of a toddler, feeding occurs within a broader social-
environmental context.  This section will commence by considering these factors. 
2.4.1 Social and Environmental factors associated with dietary intake 
The food environment has been defined as “sources of energy and nutrients 
and the circumstances surrounding their procurement and consumption”.212  A key 
characteristic of the food environment in the developed world is that food and drink 
are readily available and in particular, inexpensive and energy-dense foods are 
available in increasingly larger portion sizes.   
In the United States it is estimated that 40% of family food dollars is spent on 
food away from home90 while in Australia this figure is approximately 30%.213  In a 
representative Australian survey of household expenditure,213 spending on meals 
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eaten away from home and ‘fast foods’ increased by 50% between 2003-4 and 2009-
10 with households spending approximately 63 $AUD on these foods each week.  
This is thought to be related to convenience, with parents citing insufficient time and 
motivation to shop for grocery items and prepare meals.214  Marketing of 
discretionary choices is another influence on the development of food preferences 
and intake of children and adults.6  Advertising campaigns are implicated in the 
increase in consumption of soft drink among children181 and there is much media 
coverage of the ‘super-sizing’ of packaged and take-away foods.  Studies of children 
and adults indicate that offering large portions increases food consumption and 
results in higher energy intake,215, 216 while frequency of take-away food 
consumption and greater food quantity has been associated with increasing BMI 
amongst Australian children.217  The definition of a take-away meal or ‘fast food’ 
varies218 but most are considered discretionary choices because of the relatively high 
content of saturated fat, sugar and salt and low-nutrient density.  Infants have an 
innate preference for sweet and salty foods176 - young children need little 
encouragement to consume these types of foods and will do so readily if offered.14  
This is reflected in the dietary intake studies described in section 2.3.3 showing very 
young children are consuming discretionary choices.3    
The influence of socioeconomic position (SEP) on dietary intake and health are 
well recognised with income, occupation, education and geographic location 
commonly used in the literature as indicators of SEP.219  Adults with lower SEP 
consume diets higher in fat and sugar and lower in fruit and vegetables220 perhaps 
facilitated by the higher number of ‘fast food’ restaurants located in low-income 
areas compared with middle- to high-income areas in Australasia, North America 
and the United Kingdom.218  It is thought that these dietary patterns contribute to the 
higher prevalence of overweight, obesity and chronic disease in people from lower 
socioeconomic groups.  Disadvantaged children in Australia and overseas have been 
shown to consume fewer fruits and vegetables and more discretionary foods219, 221 
and lower SEP has been associated with lower intakes of micronutrients such as 
calcium.215  In contrast, higher maternal age and education has been associated with 
more healthful dietary patterns in children less than two years of age.143  This may be 
because higher education and associated income affords access to the knowledge, 
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goods and services essential for health.222-224  As such, SEP needs to be considered as 
a covariate in any study of influences on child eating patterns and growth.   
As a consequence of these social and environmental factors, the bi-directional 
interaction between parent and child during feeding occurs in an ‘obesogenic’ 
environment i.e. exposure to factors that are likely to promote weight gain and 
obesity in individuals or populations.225  This has led Professor Leann Birch from the 
United States, to highlight the discrepancy between parent feeding practices and the 
obesogenic environment.  She proposes that instead of being sensitive to an 
individual child’s needs, feeding practices are part of culture and tradition, handed 
down from generation to generation from a time when food scarcity was the major 
nutritional threat to children’s development.89, 90  Many adults recall as a child, being 
encouraged to finish all the food on their plate,226 however encouraging children to 
do this in today’s environment is inappropriate, given energy-dense and relatively 
inexpensive foods are widely available in increasing large portion sizes.227   
Feeding practices which encourage children to ignore their internal cues of 
hunger and satiety i.e. override an innate ability to self-regulate energy intake 
according to physiological need, may contribute to overeating and subsequent 
overweight.1  A child’s ability to self-regulate energy intake is a key child-centred 
factor that influences dietary intake and underpins the conceptual model for this 
thesis.  The evolution of the conceptual model will be illustrated in stages throughout 
sections 2.4.2 and 2.4.3. 
2.4.2 Child-centred factors associated with dietary intake 
The toddler years (12-36 months) are a period of rapid social, cognitive and 
emotional development.228  The development of autonomy at this age is essentially 
an increase in a child's ability to make choices and they “begin to develop a general 
sense of their parents' and their own goals as compatible or incompatible”.75  While 
young children remain dependant on care-givers for almost all activities of daily 
living, feeding themselves, or expressing their desire not to eat, is one of the few 
areas over which the toddler can exert their developing autonomy.   
Given access to a range of nutritious foods, the healthy toddler will eat 
according to physiological need14, 229 though many parents despair over the lack of 
food their toddler seems to eat.  A recent review examining the development of non-
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clinical feeding problems noted that 25-40% of infant and toddlers experience 
feeding problems “as reported by their caregivers”.78  But what is a feeding problem 
and what criteria are parents using to determine this?79  Are these criteria explicit in 
what clinicians and researchers are asking parents?  Children may be labelled as 
having a feeding problem because they do not consume the amount of food that 
parents consider appropriate, and/or it may be related to the types of food a child 
refuses.230   
Food refusal is the primary child eating behaviour considered within this thesis.  
Two key reasons why a typically developing toddler may refuse food will be 
considered here - self-regulation of energy intake and food neophobia – both of 
which are important and normal aspects of child development. 
2.4.2.1 Self-regulation of energy intake 
The phrase ‘self-regulation of energy intake’ describes “children’s ability 
(inborn and socialized) to eat and not eat in response to cues of hunger and 
satiety”.231  This inborn ability means that the infant primarily controls their own 
intake while breastfeeding thereby regulating their energy intake based on 
physiological need.  Hence the WHO child growth standards were developed using 
children who were predominantly breastfed for the first 4-6 months of life to “depict 
physiological human growth under optimal environmental conditions”.35  The 
opportunity for an infant to self-regulate while breastfeeding may influence future 
eating behaviour - if children are accustomed to consuming according to internal 
cues this may reduce overeating once their intake of solid foods is established and 
lower obesity risk.90   
In overly simple terms, healthy children provided with a variety of nutritious 
food and allowed to follow internal cues of hunger and satiety will eat the required 
amount of food needed to grow appropriately.  Self-regulation of energy intake 
underpins the conceptual model for this thesis and step one of the development of the 
model is shown in Figure 2.1.   
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Figure 2.1 Step 1 in the development of the thesis conceptual model – 
depicting self-regulation of energy intake 
Therefore, one can expect food refusal, when a young child is offered food or 
beverages over and above their energy requirement, as a consequence of self-
regulation.  
Evidence for self-regulation of energy intake 
Self-regulation of energy intake was described in the literature as early as 
1939, with Clara Davis’ landmark study “Results of the self-selection of diets by 
young children”.229  Dr Davis documented the growth of 15 children over six years 
beginning when they were 6-11 months of age.  She described providing them with 
“natural, unprocessed and unpurified foods” in an environment that allowed the 
children to eat only according to their own cues of hunger and satiety, perhaps the 
first documented incidence of ‘parent provides, child decides’.232  Children were 
noted to choose foods consistent with dietary guidelines of the time, grow 
appropriately and show no evidence of micronutrient deficiencies. 
In the last three decades – coinciding with a research imperative to understand 
the aetiology of childhood overweight and obesity - researchers have conducted 
short-term experimental studies to investigate and test the phenomenon of self-
regulation in pre-school children.  These studies are summarised in Table 2.14. 
 
Growth / 
weight 
Dietary intake 
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Table 2.14 Experimental studies assessing self-regulation of energy intake in young children 
Study Sample Method Results and conclusion 
Birch & Deysher 
1985233 
United States 
N=18 
3-5 years  
 
Randomly assigned high or low energy preload i.e. 100ml 
drink (156kcal vs. 45kcal via manipulation of carbohydrate 
content). Opportunity to consume cookies and crackers ad-
libitum 20-40 minutes later.  Consumption recorded and 
quantified by observers.  Repeated one week later with 
alternate caloric load 
14 children showed caloric compensation i.e. ate 
significantly more following low energy preload compared 
with intake after high energy preload (275kcal vs. 180kcal, 
t=3.59, p<.05).  Results replicated in second sample n=10.   
Children have a mechanism to regulate food intake 
Birch & Deysher 
1986234 
United States 
N=21 
2-5 years 
Randomly assigned high or low energy preload i.e. 100ml 
drink (132kcal vs. 32kcal via manipulation of carbohydrate 
content).  Opportunity to consume sandwiches/fruit/ 
vegetables ad-libitum 20 minutes later.  Consumption 
recorded and quantified.  Task repeated one week later 
with alternate energy load 
Mean total energy consumption (i.e. kcal from preload 
plus lunch) was approximately same, 260kcal and 269kcal 
in the high and low density conditions, respectively i.e. 
children ate less following high energy preload compared 
with low energy preload, resulting in similar total energy 
intake. Children respond to physiological cues of satiety 
Birch et al 1987235  
United States 
N=22 
4 years 
Two test meals per week for five weeks i.e. day 1, 100ml 
high energy preload, opportunity to consume palatable 
snacks ad-libitum10 minutes later; day 2, 100ml low 
energy preload and ad-libitum snack (145kcal vs. 60kcal 
via manipulation of carbohydrate content).  Randomized to 
test meals under one of two conditions, 1. Emphasizing 
internal cues, or 2. Emphasizing external cues e.g. reward 
offered for eating.  Consumption recorded and quantified    
Children who received test meals under conditions 
emphasizing internal cues of hunger and satiety consumed 
more energy following the low energy preload compared 
with after the high energy preload (242kcal vs. 191kcal, 
t(10) = 2.30, p<0.05) i.e. responsive to energy density 
cues.  No difference in consumption after high- or low-
energy preload in children encouraged to eat snacks in 
order to obtain a toy.   Feeding practices influence 
children’s responsiveness to internal cues  
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Study Sample Method Results and conclusion 
Birch et al 1989236  
United States 
N=24 
4-5 years 
and  
N=20 
2-3 years 
Children consumed one of four preloads (plain water, drink 
with aspartame, drink with sucrose (90kcal), or drink with 
aspartame and glucose (90kcal), all 205ml volume) on 
different days followed by snack foods ad-libitum 
(randomized to 0, 30 or 60 minute delay).  Food 
consumption recorded and quantified.   
Amount of food consumed was ~98kcal less after either 
preload containing CHO, relative to water - regardless of 
the time interval between preload and snack.  Children ate 
fewer kilocalories following high density pre-load 
compared with water i.e. self-regulation of energy intake 
Birch et al 1991127  
United States 
N=15 
2-5 years 
Six days of food intake measured using weighed food 
record. On each test day, children were provided with three 
meals and three snacks - amount of food in excess of 
estimated requirements, allowed to eat ad libitum.  For 
each day and each child, coefficients of variation (CV) 
calculated for each meal and snack 
Intake at individual meals was highly variable (mean CV = 
33.6%) while total daily energy intake was relatively 
constant for each child (mean CV = 10.4%) 
Shea 1992237 
United States 
N=181 
3-5 years 
Seven 24-hour recalls measured over four years.  Random 
days selected, to investigate child intake in their usual 
environment.  Hispanic population.  Mean energy intake 
for each day, and eating occasion calculated.  Coefficient 
of variation across seven days of intake determined for 
energy intake at each eating occasion and for whole day 
Mean CV for EI for each of the six eating occasions was 
95.4% compared with mean CV for EI for whole day = 
30.3% (mean energy intake increased over the study 
period, consistent with increased requirements for growth).  
Findings in free-living subjects consistent with results of 
experimental studies 
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Study Sample Method Results and conclusion 
Birch et al 1993 
238 
United States 
N=29 
2-5 years 
Double-blind, placebo-controlled, within-subject crossover 
design → effect of substituting ~ 16g of a non-energy fat 
substitute for an equivalent amount of fat (~600kJ) on 
energy and macronutrient intakes on five 2-day study 
periods over five weeks.  First three meals on day-1 
(breakfast, morning tea and lunch) children consumed 
foods containing either dietary fat or fat substitute 
depending on where they were at in the study protocol.  
Children were observed to ensure they consumed the target 
amount of 16g fat/fat substitute.  Subsequent ad libitum 
food consumption recorded and quantified.   
Children who ate fat-reduced meals at breakfast, morning 
tea and lunch on day-1, increased their energy intake (from 
carbohydrate) over the following 36 hours such that by the 
end of each 2-day study period there was no difference in 
overall energy intake after consuming the reduced fat 
menu compared with the placebo menu.  Intake at 
individual meals was highly variable (mean CV = 24.7%) 
relative to total daily energy intake (CV = 8.6%). 
Total daily energy intake is tightly controlled i.e. self-
regulation of energy intake 
Johnson & Birch 
1994239 
United States 
N=77 
3-5 years 
Double-blind cross-over design.  In two test meals, over 
four days, children consumed a high- or low- energy 
preload (163g fruit flavoured drink, 625kJ and 13kJ 
respectively via manipulation of carbohydrate content).  
Lunch ad libitum 20 minutes later, consumption recorded 
and quantified. Outcome: compensation index = (ad lib kJ 
low energy preload- ad lib kJ high energy preload) ÷ (preload kJ high- 
preload kJ low) × 100%.  Perfect compensation -COMPX = 
100% i.e. a child who ate 625 more after low- energy 
preload than after high- energy preload.  Height, weight, 
triceps and subscapular skinfold thickness measured.  
Mother’s dietary restraint240 and feeding practices241 
determined using questionnaire.  Used to create ‘control 
index’ 
Large individual differences in children’s ability to self-
regulate, mean COMPX = 46.2% (se=5.7%, range -80% to 
230%).   Skin fold thicknesses of children in the lowest 
quartile of COMPX score were significantly higher 
compared with children in the highest quartile of COMPX 
(t=2.9, p<0.006, no indication of effect size given).   
Parental ‘control index’ negatively correlated with 
children’s compensation scores (r=-.65, p<0.0001).   
Children who are poor at regulating energy intake are more 
likely to become overweight or obese; or factors associated 
with being overweight result in reduced ability to self-
regulate intake.  Maternal feeding practices may influence 
children’s ability to self-regulate 
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Study Sample Method Results and conclusion 
Hetherington et al 
2000242 
United Kingdom 
N=15 
2-5 years 
and 
N=10 
7-10 years 
Double-blind, placebo-controlled cross-over design within 
usual child-care or school setting.  Children received 100g 
of a regular (305kJ) or low energy (25kJ) dessert as a 
morning tea snack.  Ad libitum intake at lunch was 
recorded.  Two test days, ≥ 2 weeks apart.  Second 
experiment with similar protocol used compensation index 
(COMPX) as the outcome.  Perfect compensation 
represented by COMPX = 100% i.e. a child who ate 280kJ 
more after low energy dessert than after regular dessert 
Young children consumed significantly more following the 
low energy preload, compared to regular pre-load (t(14) = 
2.6, p<0.02). Older children did not differ in their 
subsequent energy intake at lunch after either regular or 
low kilojoule snack.  COMPX scores significantly higher 
in young children, compared with older children, mean(sd) 
= 88% (22), versus 22% (22). 
Short-term caloric compensation decreases with age - 
transition between 2-5 and 7-10 years of age “from using 
unlearned internal cues to a more adult pattern of eating 
influenced by external cues and learning” 
Johnson 2000243 
United States 
N=25 
3-4 years 
Intervention trial using within-subject treatment design.  
Baseline: Compensation trial - randomly assigned 163g 
high or low energy drink (625kJ vs. 13kJ via manipulation 
of carbohydrate content) as preload, opportunity to 
consume hot dogs/carrot sticks/milk ad-libitum 30 minutes 
later. Consumption recorded and quantified.  Task repeated 
one week later with alternate energy load.  COMPX 
calculated.   
Intervention: 6 week education program regarding hunger 
and satiety cues, role-play with toys.  
Follow-up: Measured height, weight, triceps and 
subscapular skin fold thicknesses.  Compensation trial 
repeated 
 
 
Large individual differences in children’s ability to self-
regulate at baseline, mean COMPX= 23%, se = 21% 
(range -163% to 257%).  In girls (n=15), COMPX 
negatively correlated with BMI r = -0.53, p<0.05; weight-
for-age % r = -0.75, p<0.01; and sum of skin folds r = -
0.72, p<0.01. 
At follow-up COMPX scores improved with less variation 
across the sample, mean COMPX=65%, se = 15% (range -
96% to 193%).  Associations between adiposity and 
COMPX in girls no longer significant. 
Education of children regarding hunger and satiety cues 
may improve measures of  self-regulation 
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Study Sample Method Results and conclusion 
Rolls et al 2000244   
United States 
N=32 
3-6 years 
Three test meals at usual lunch time, once a week for three 
weeks.  Portion size of main meal manipulated at each test 
meal (small, medium or large).  Other food and drink were 
available and children able to eat ad libitum.  Food 
consumption quantified.  Height and weight were 
measured and converted to percentiles. 
4- to 6-year-old children (n=16) consumed significantly 
more food (g) and energy (kcal) when presented with a 
large serve (p<0.002).  3- to 4-year-old children consumed 
similar amounts across the three test meals.  Consumption 
not associated with height or weight percentile. 
Food intake of older children is influenced by 
environmental factors e.g. portion size, to a greater extent 
than younger children i.e. ↓ self-regulation 
Leahy et al 2008245   
United States 
N=77 
2-5 years 
Within-subject cross-over design.  Six test meals over six 
weeks - offered 300g portion of high-energy density or 
low-energy density macaroni and cheese (2.0kcal/g vs. 
1.4kcal/g via manipulation of fat content).  Randomised to 
receive each meal condition three times.  Amount of meal 
and ad libitum intake of broccoli, applesauce and milk 
recorded and quantified 
Children consumed significantly less energy when offered 
the low-energy density meal, compared with high-energy 
density meal, mean(sd) = 217(8)kcal versus 288(11)kcal.  
Children ate more food when offered the ‘low’ meal vs. 
the ‘high’ meal, but the difference was only 10g (sd=4, 
p<0.05) i.e. not clinically significant.  Children did not eat 
more of the other foods provided at the meal, when offered 
the low-energy density meal i.e. did not compensate within 
the meal for changes in energy density (unlike 
compensation over a delay, as described in studies which 
utilise a preload protocol) 
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Study Sample Method Results and conclusion 
Leahy et al 2008246   
United States 
N=61 
3-5 years 
Similar protocol to above study.  Children participated in 
four test meals.  Randomised to receive a high-energy 
density or low-energy density pasta dish (1.6kcal/g vs. 
1.2kcal/g via manipulation of fat and vegetable content).  
Amount of meal and ad libitum intake of carrot, applesauce 
and milk recorded and quantified 
Similar results to above study.   Children consumed 
significantly less energy when offered the low-energy 
density meal, mean(sd) = 188(10)kcal compared with the 
high-energy density meal, mean(sd) = 251(11)kcal.    
Children did not eat more of the other foods provided at 
the meal, when offered the low-energy density meal.  Self-
regulation of energy intake in young children may occur 
over a period of time, not within a single meal 
Leahy et al 2008 247  
United States 
N= 26 
3-5 years 
Within subject cross-over design.  Participated in test 
conditions 2 days/week for 2 weeks.  Randomised to 
receive low-energy density menu one week vs high-energy 
density menu during other week (foods, 1.32kcal/g vs 
1.77kcal/g; beverages, 0.42kcal/g vs 0.6kcal/g).  Menus 
were identical but kcal content manipulated.  Allowed to 
eat ad libitum, intake recorded and quantified 
Children consumed significantly less energy when offered 
the low-energy density menu, 2350kcal±68 / 2 days, 
compared with the high-energy density menu, 
2739kcal±110 / 2days, p<0.001.  Children consumed the 
same amount of food and beverage across both menus, 
2429g ±96 / 2 days vs. 2442g ±121 / 2 days.  
Children did not compensate by increasing food or 
beverage intake while eating a low energy density menu 
over the 2 day period of study. 
Spill et al 2011248  
United States 
N=72 
3-5 years 
Within-subject cross-over design.  Four test meals over 
four weeks - randomised to be offered a portion of 
vegetable soup (0, 150, 225 or 300g) for 10 minutes and 
then offered a main meal to consume ad libitum.  Intake 
recorded and quantified 
Compared to no soup, offering any size portion of soup 
significantly decreased the amount of main meal consumed 
(2054kJ±15, 1660kJ±96, 1767kJ±97, 1799kJ±100, 
p<0.05). 
Intake of a low energy vegetable soup displaced a more 
energy-dense main meal. 
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These studies aim to illustrate self-regulation of energy intake, either by 
demonstrating consistency of energy intake over several days of measurement, or a 
child’s ability to compensate for variable energy density of a meal or test food.  A 
child was said to be able to compensate if they adjusted their intake in response to 
the energy content of the preload e.g. ate less at lunch after drinking a high-calorie 
fruit drink.  These studies also have extensive protocols in place to assess a child’s 
degree of hunger before the test condition, as well as determining whether children 
like the foods on offer, in order to limit the factors that might influence a child’s 
ability to eat at libitum. 
Two factors consistently associated with ability to self-regulate energy intake 
in young children are age and weight status.  Children are assumed to be born with 
this ability, which then declines with age.231  Notably there is high variability 
between individual children in their ability to self-regulate intake, as illustrated by 
the large range of COMPX scores obtained in the experiments239, 243 described in 
Table 2.14.  This is perhaps because the children in the studies are older than two 
years of age, and one would expect variability in the extent to which children have 
been exposed to factors that disrupt self-regulation.   
In an analysis of FITS 2002249 multivariable regression was used to determine 
if portion size, number of eating occasions, number of unique foods, and/or energy 
density predicted estimated usual energy intake.  As described in section 2.3.2, intake 
data were collected using 24-hour recall for 3022 infants and toddlers aged 4-24 
months.  Each of these variables positively predicted energy intake (adjusting for 
child age, WAZ, ethnicity, maternal employment and education and family income, 
R2 not reported).  However in infants aged 4-5 months and 6-11 months, portion size 
eaten had a significant negative association with energy density and number of eating 
occasions, i.e. as energy density of foods or number of times the child ate increased, 
portion size decreased.  In toddlers aged 12-24 months portion size was inversely 
associated with number of eating occasions, but not energy density, perhaps the 
beginning of a decline in ability to self-regulate intake with age due to a transition 
“from using unlearned internal cues to a more adult pattern of eating influenced by 
external cues and learning”.242  The role of external cues which support or disrupt a 
child’s self-regulation of energy intake, most particularly the feeding practices 
employed by parents and caregivers90 are important because these factors may 
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influence a child’s overall energy intake and weight, trajectory.  Experimental studies 
have indicated that children with higher adiposity show lower ability to self-regulate 
energy intake239, 243 though the mechanism is unclear.  Children who are inherently 
poorer at self-regulating energy intake may subsequently become overweight or 
perhaps non-responsive feeding practices employed by caregivers in response to a 
child’s weight (real or perceived) may result in decreased ability to self-regulate250 
with subsequent excess energy intake.  This is an example of the reciprocal 
relationship between child- and parent-centred factors that influence child food 
intake.  The influence of feeding practices, in particular maternal feeding practices 
will be expanded in section 2.4.3. 
The experimental studies described in Table 2.14 do have their limitations.  
The sample sizes are very small and vary in the time period studied, from a few 
hours to a few days.  Participants are recruited mainly through day-care or pre-school 
and the studies are conducted in these settings.  All but one were conducted in the 
United States with most families being from a non-Hispanic White background.  
There may also be other factors that influence a child’s intake, which have not yet 
been studied in detail, notably the suggestion that programming of appetite occurs in 
utero.251  Can excess gestational weight gain expose a foetus to hormonal factors 
which mean a child is born with the ability to self-regulate energy intake, but 
programmed to have a higher appetite ‘set-point’?  This question is outside the scope 
of this thesis.  What is evident, is that self-regulation of energy intake is an important 
determinant of the growth and development of young children and factors which 
have the potential to support or disrupt this mechanism require further 
investigation.16  Self-regulation of energy intake is one reason why healthy children 
refuse food.  Food refusal as a consequence of food neophobia will now be 
described.   
2.4.2.2 Food neophobia 
Food neophobia is the rejection of foods that are novel or unknown7 and is 
associated with lower intakes of fruit, vegetables and meats by young children.211  
Variation in the expression of food neophobia is heritable,252 but is generally 
minimal in infancy, increases markedly as a child becomes mobile - with a peak 
between two and six years of age -and gradually declines thereafter.211, 253  
Neophobia is thought to have evolved as a protective mechanism,254 with an infant’s 
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innate dislike for bitter and sour tastes255 discouraging the ingestion of toxins (which 
tend to taste bitter or sour) once the child is mobile enough to explore their 
environment.  Children attain the ability to walk alone between the ages of 8 and 17 
months with most children achieving this milestone at 12 months of age,256 perhaps 
explaining the rapid emergence of neophobia in the toddler years.  
Vegetables contain bitter alkaloids253 and consequently, are likely to be 
rejected.  In addition, foods are evaluated by the child visually and unfamiliar foods 
may be rejected even prior to tasting,257 which is logical given the rationale for 
rejecting the food is its potential toxicity.7  A small study of children aged 18-26 
months (N=18) from Birmingham in the UK257 suggests that simply having a liked 
food in contact with a disliked food on a plate, may lead a child to subsequently 
reject the preferred food, with children perhaps sensing some degree of 
contamination.  Children were offered a disliked food on a plate, alongside and 
touching a liked food.   Six children immediately wanted the disliked food removed 
from the plate before they ate the liked food, while two children would not eat the 
liked food at all, after seeing it in contact with the disliked food.  In a separate 
experimental session, all children ate their liked food, when it was offered in 
combination with another liked food.   
Neophobia may be particularly relevant to a mother’s feeding beliefs and 
practices when her child is age 12-16 months, if she is suddenly faced with food 
refusal by a toddler who had readily accepted foods in infancy.  Explaining the origin 
and appropriate parental response to neophobia may help mothers accept this 
behaviour as a normal part of child development.78  The preference in infancy for 
sweet and salty flavours176 (and dislike of bitter and sour) is modified by experience, 
as a child learns which items are considered food in their culture and begin to 
understand when and what they should eat - another example of the reciprocal 
relationship between child- and parent-centred factors that influence child food 
intake.  Neophobia may be attenuated using “repeated neutral exposure”258 such that 
children are able to become familiar with a food’s appearance and taste in a non-
coercive environment.  Experimental studies of exposure have found that a new food 
may need to be offered and tasted254 by a child ten to sixteen times before it is 
accepted, and this is dependent on the child’s age.90  Between five and ten exposures 
were required to increase liking for unfamiliar fruits in 2-year-old children254 while 
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eight to sixteen exposures were required in another study of children aged 2-5 
years.259    A randomised controlled trial conducted in children’s own homes260 
support these results.  Children aged 2-6 years of age (n=150) and their parents were 
visited at home for a pre-intervention taste test.  Six vegetables were offered for 
tasting and one vegetable deemed to be moderately disliked was selected as the target 
vegetable for each child.  During the intervention children were randomly assigned to 
one of three groups, a control group; an information group in which parents were 
given general information about healthy eating; and the exposure group where 
parents gave their child a small taste of the target vegetable every day for 14 days 
(using non-coercive strategies).  In a post-intervention taste test the exposure group 
showed significantly greater intake of the target vegetable measured in grams, 
compared to the amount eaten at the pre-intervention taste test (t(33)=4.36, p<0.001), 
as well as greater liking, measured using a 3-point ‘faces’ scale - ‘I like it’ 
represented by a smiling face, ‘It is okay’ by a neutral face and ‘I do not like it’ by a 
grimacing face.  Approximately 30% of children in the exposure group rated their 
target vegetable as liked compared with 2% of the children in the information group 
and 5% in the control group (x2(2)=18.5, p<0.001). 
Descriptive studies show that parents often conclude their child dislikes a food 
after only one or two exposures and never offer it again, which may mean that the 
child is not given the opportunity to become familiar with and ‘learn to like’185 that 
food.  Within FITS 2002 (N=3022) caregivers were asked the number of times that 
mothers offered a new food before deciding their child disliked it, and the response 
recorded as once, twice, three-five times, six-10 times or more than ten times.261  
Amongst children aged 12-14 months (n=470), 47% of caregivers offered a food 
three to five times before deciding the child disliked it, with only 9% offering a food 
six to 10 times and 7% greater than 10 times.  The proportion of caregivers within 
each response category were consistent across the FITS sample regardless of child 
age grouping analysed (4-6, 7-8, 9-11, 15-18 or 19-24 months).  This is also 
consistent with Australian data2 in which only 15% of mothers of children aged 12-
36 months (n=374) stated that they would use the strategy of offering a new food up 
to ten times ‘very often’ after their child had refused at the first tasting. 
Children learn to accept new foods not only because they become familiar with 
the taste, but also because of the positive (or negative) social consequences 
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associated with eating.90, 185, 255  For young children, social consequences are most 
likely to be the actions of caregivers in response to the child’s reaction to a new food.  
Just as parental feeding practices can support or disrupt a child’s self-regulation of 
energy intake90 positive feeding practices may overcome a child’s natural rejection of 
new foods,7 e.g. modelling intake of unfamiliar foods by trusted care-givers, offering 
the food repeatedly in a non-coercive environment258 while non-responsive feeding 
practices may result in children becoming even more fearful of trying new foods.92  
The influence of feeding practices on child food intake, in particular maternal 
feeding practices, is expanded in section 2.4.3. 
2.4.2.3 Self-regulation of energy intake and neophobia, together in the 
toddler years 
Self-regulation of energy intake and neophobia are complex, but normal 
aspects of child development which are rarely mentioned, if at all, in literature 
designed to educate parents about nutrition and feeding.  One would expect parents 
to need advice on how to persist with repeated neutral exposure to increase their 
child’s acceptance of new foods while being consistent with the motto of ‘parent 
provides, child decides’232 thereby preserving self-regulation of energy intake.   
A term which is used extensively in scientific and lay literature, particularly 
with respect to toddlers and food refusal, is ‘fussy eating’ (used interchangeably with 
‘picky eating’).  Food refusal is commonly interpreted by parents and even health 
professional as fussy or picky eating and is considered inherently problematic.  
Fussiness is often cited as a cause of conflict between parent and child at mealtimes.  
78, 262  In contrast, this thesis proposes that fussy eating is the outward manifestation 
of both self-regulation of energy intake (refusal of familiar foods) and neophobia 
(refusal of unfamiliar foods) which occur together in the toddler years as a 
consequence of normal child development.   
Fussy eating 
While food neophobia is the rejection of foods that are novel or unknown, 
fussy eating is generally defined as the rejection of both novel and familiar foods,7 
resulting in the consumption of a low variety of foods or an inadequate amount of 
food.  Prevalence is reported at between 25–40% of infants and toddlers.78  However 
it is important to examine the criteria that parents and researchers use to define fussy 
eating.  Mothers/carers, health professionals and researchers do not necessarily 
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define fussy eating the same way79 - children could be labelled as having a feeding 
problem because they do not consume the type and/or amount of food perceived as 
appropriate230 - which could lead to research participants interpreting surveys 
differently. 
Within FITS 2002, primary care-givers (91% mothers) were asked whether 
they considered their child a very picky eater, somewhat picky eater, or not a picky 
eater.261  Toddlers considered very picky or somewhat picky were combined to form 
a ‘picky eater’ data set. At age 12-14 months, 35% of caregivers described their child 
as a picky eater, increasing to 46% at age 15-18 months and 50% at 19-24 months.  
On 24-hour recall, mean intakes of all nutrients were well above the Recommended 
Dietary Allowances or Adequate Intakes for all children regardless of picky eater 
status, though neither dietary variety nor diversity was assessed.  This suggests, 
despite care-giver concerns, that the amount eaten by the children was adequate. 
An earlier study by the same author provides some insight into the child 
behaviour that mothers use to make their subjective assessment of the child as a 
fussy eater.  That study used two in-home interviews, and a total of six days of intake 
data to assess the dietary variety and diversity of 118 children aged 24-36 months of 
age (2-day food record and one 24-hour recall collected at baseline, and repeated at 
second interview four months later).230  Height and weight of children were 
measured by study staff.  Children were classified as picky eaters based on maternal 
response to a question about whether they considered their children to be a picky 
eater - yes/no.  Perception of the child as a picky eater was then compared to aspects 
of maternal and child behaviour measured using a 20-item questionnaire263 (16 items 
rated on a seven-point likert scale and four open-ended questions).  Thirty-five 
percent of mothers perceived their child to be a picky eater.  At both time points 
(baseline and four months later) mothers rated their ‘picky eaters’ significantly lower 
on questions related to how willing the child is try unfamiliar foods, whether the 
child likes a variety of foods and whether generally the child consumes an amount at 
meals the mother thought should be eaten, compared to mothers who did not 
perceive their child as picky.   
Picky eater status was also compared to dietary intake, perhaps a more 
objective measure of dietary adequacy than mother’s report, despite the limitations to 
collecting dietary intake data.  Picky eaters were found to have significantly lower 
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scores on the ‘variety index for toddlers’140 compared to non-picky eaters at both 
time points (number of recommended servings/food group consumed per day with 
possible score of 0-1; picky vs. non-picky eaters at baseline: 0.78±0.13 vs. 
0.83±0.14, p=0.03; at second interview: 0.75±0.13 vs. 0.81±0.13, p=0.009).   
‘Diversity index for toddlers’ i.e. total number of different foods consumed over 
three days was less for picky eaters than non-picky eaters at the second interview 
only (29.9±7.1 vs. 33.9±10.3, p=0.03).  However as in FITS 2002,261 no difference in 
mean energy or nutrient intake was found by picky eater status (i.e. average of intake 
over six days).  This may be due to the strategy employed by mothers - prepare a 
special food that she knows the child will eat – so that even if the type of food eaten 
is not to the mothers liking, at least the amount is, and subsequently, the child’s 
energy intake is adequate.  Mothers of ‘picky eaters’ did have significantly higher 
scores on the question “how often do you prepare a special food for your child 
because she/he does not like what the rest of the family is eating?” at both time 
points (measured on seven point likert scale: 7=always or almost always… 1=never 
or almost never; picky vs. non-picky eaters at baseline: 3.16±2.07 vs. 1.92±1.35, 
p<0.001; at second interview: 3.48±2.06 vs. 1.76±1.00, p<0.001).230  Notably, 
although there was no difference in nutrient intake by picky eater status, mean intake 
of calcium, zinc, vitamin D and vitamin C were less than the recommended daily 
intake for both ‘picky eaters’ and ‘non-picky eaters’.  Height and weight did not 
differ by picky eater status and all children were within normal growth parameters 
for their age.   
These children were followed longitudinally and all measures repeated at ages 
34, 42, 60, 72 and 84 months (n=71).264  At each time point, nutrient intake did not 
differ by picky eater status.  Similarly height and weight of all children were within 
normal parameters for age and gender.  These analyses230, 264 support the accepted 
definition of fussy eating as the consumption of a low variety of foods7 but not an 
inadequate amount of food.    Apart from some nutrients which may be considered at 
risk for all young children, intake and growth was adequate in children regardless of 
being perceived as fussy.   
Growth of ‘fussy eaters’ was also assessed in the Gateshead Millennium Baby 
Study in the United Kingdom, which recruited a cohort of 1029 infants at birth 
during 1999 and 2000, and followed the children to age 30 months.265  Wright et al 
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conducted a cross-sectional analysis of the data, collected when children were aged 
30 months (n=455), to investigate the relationship between perceived eating 
problems and child behaviour and growth.   Parents completed a self-administered 
questionnaire and reported their child’s height and weight.   
Twenty percent of parents responded ‘yes’ to the question “do you see your 
child as having eating problems at present?” and this was the criteria used by 
researchers to classify the child as having an eating problem.  These parents then 
described their children as eating a limited variety, being a slow eater and 
uninterested in food, more often than parents who did not perceive their child as 
having a problem.  Children classified as having an eating problem (n=89) had 
significantly lower weight-for-age and length-for-age z-scores266 compared to 
children without (mean WAZ(sd) = 0.1(1.3) vs. 0.5 (1.1), p=0.007; mean LAZ(sd) = 
-0.2(1.3) vs. 0.3(1.0), p=0.009).   Children with an ‘eating problem’ also had a lower 
rate of weight gain since birth with mean change in z-score between 0 and 2 years of 
age being 0.1(sd=1.2) for children with an eating problem compared to 0.5(sd=1.1) 
in those without, p=0.01.  Eight of the 89 children were identified by researchers as 
having weight faltering i.e. a change in WAZ from birth to two years “below the 5th 
percentile in the cohort as a whole”.265  While it would not be unexpected to find a 
small proportion of children with a feeding disorder, a slower rate of growth in 
infancy among the children generally, could be considered appropriate in the context 
of obesity prevention - mean(sd) change WAZ for the whole sample from birth to 
two years=0.4(1.1).  In contrast, it appears parents are using lighter weight (though 
still within the normal range) and slower rate of growth to inform their perception of 
their child as a fussy eater.   
Parents of ‘fussy eaters’ participating in the Gateshead Millennium Baby Study  
265 as well as those in the study described earlier by Carruth et al (1998),230 reported 
their children disliked ‘unfamiliar’ foods, suggesting that parents are interpreting 
neophobia, a normal physiological response, as a feeding problem.  Results from a 
cross-sectional study in Singapore also support this conclusion in which parents or 
grandparents (n=407) of children aged 1-10 years were randomly selected from the 
telephone directory for a phone interview about fussy eating and care-giver coping 
strategies.262  Participants, 68% of whom were mothers, were asked about the age of 
onset and duration of their child’s picky eating behaviour.  Picky eating started most 
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commonly at age 1 year, with 20% of participants reporting they first noticed their 
child exhibit “picky eating behaviours” (such as refusing vegetables and not liking to 
try new foods) at this age.  This is consistent with the emergence of neophobia in the 
second year of life.211, 253  This study did collect reported child height and weight, but 
did not compare anthropometric data to reported eating behaviours.  
The Stanford Infant Growth Study was a longitudinal study in the United States 
that investigated the prevalence of picky eating and growth of 216 children from 2 
until 11 years of age.267  Parent and child were assessed at yearly intervals from 2-7 
years and then again at 9.5 and 11 years.  At each assessment child height and weight 
were measured by study staff and the parent (most often the mother) was asked “is 
your child a picky eater?” with a choice of five responses – never, rarely, sometimes, 
often, or always.  A child was considered a picky eater if the response was often or 
always.  At any given age, 13 - 22% of children were considered picky eaters.  At 
age 11, reported eating behaviours of picky eaters were compared to non-picky eaters 
using ANOVA.  A significantly lower proportion of children identified as a picky 
eater, compared to those not labelled as picky, were less likely to accept new foods, 
0% vs. 63%, F(1,115)=40.5, p=0.001;  while a higher proportion of ‘picky eaters’ 
required food be prepared in specific ways, 64% vs. 16%, F(1,115)=27.6, p=0.001 
and ate a limited variety of foods, 92% vs. 14%, F(1,115)=104.3, p=0.001.  However 
a limitation (of this study and others262, 265) is that no child intake data were collected 
to objectively assess dietary variety against parent report.  When the data was 
analysed longitudinally, acceptance of new foods was reportedly seen in 32% of 
picky eaters of short duration (one-two years), while parents of picky eaters of long 
duration (three or more years) reported that none of these children (0%) accepted 
new foods, F(1,45)=10.3, p=0.003.  Growth was not assessed longitudinally, but 
there was no difference in the distributions of BMI among picky and non-picky 
eaters at age 11 years.   
The studies described here support three general conclusions, 1. Parents are 
interpreting aspects of normal child development e.g. neophobia, as problematic 
eating behaviours; 2. perceived picky eating has no effect on nutrient intake or child 
growth261, 265, 267, 268; and 3. despite the widely acknowledged definition of fussy 
eating as ‘the rejection of both novel and familiar foods resulting in limited dietary 
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variety and food intake’,7 it is largely defined in research studies by parent 
perception only,  without objective measures of dietary intake. 
One study has reported an association between perceived picky eating and 
underweight.269  In the Longitudinal Study of Child Development in Quebec, 
Canada, picky eating was assessed in a representative sample of 1498 children at 
ages 2.5, 3.5 and 4.5 years.  Parents (mainly mothers) completed a self-administered 
questionnaire at each time point which asked how often the child ate a meal that was 
different from other members of the family, and how often the child generally 
refused to eat or refused “to eat the right food”.  One might expect that the definition 
of what is “the right food” to eat at any given meal varies between participants.  
Children were subsequently defined as picky eaters if they ‘always’ ate a different 
meal, ‘often’ refused to eat and ‘often’ refused the right food.  Child height and 
weight were measured at 4.5 years and BMI calculated using CDC USA age- and 
gender-specific growth curves.33  Underweight was defined as BMI <10th percentile. 
Children defined as being a picky eater at all three time points had twice the 
odds of being underweight at age 4.5 years adjusting for child gender, birth weight, 
annual family income, parental self-reported overweight status and maternal smoking 
during pregnancy (OR = 2.42, 95%CI: 1.38-4.22, p<0.05).  A greater proportion of 
children from ‘insufficient income’ families (a Canadian specific definition related to 
low-incomes) were defined as picky eaters at all three time points, implying that 
families may not have had an income to support adequate food and health care.  This 
income variable was not included in the regression analysis because of “convergence 
problems”.  Another limitation is the subjective measure of picky eater status.  Birth 
weight was accounted for in the regression model, however a significantly higher 
proportion of children who had a low birth weight i.e. <2500g were defined as being 
a picky eater at all three time points compared with children born at 2500-4000g or 
>4000g (14%, 5%, and 5% respectively).  The experience of having a low-birth 
weight infant and associated early feeding difficulties may negatively influence 
mothers’ subsequent perception of child weight, food intake and eating behaviours.   
Another published analysis of this cohort reported that the dietary intake of the 
children was assessed using a single 24-hour recall at age 4.5 years.270  Children 
defined as being a picky eater at all three time points had lower mean energy intake 
at age 4.5 years, compared with children never reported as a picky eater, adjusting 
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for child gender, reported physical activity level and maternal education (mean(sd) = 
1548(32)kcal vs. 1625(18)kcal, p<0.05).  However the mean energy intake of both 
groups is adequate for children of this age.  When food groups were analysed the 
only intake of meat/alternatives was considered inadequate.  A picky eater at all three 
time points had lower odds of consuming ≥2 serves of meat/alternatives on 24-hour 
recall compared with children never reported as a picky eater, adjusting for child 
gender, physical activity level and maternal education (OR = 0.32, 95%CI: 0.18-
0.56, p<0.05).   
2.4.2.4 Child-centred factors – a summary 
As stated earlier, this thesis proposes that fussy eating in toddlers be 
acknowledged as the manifestation of both self-regulation of energy intake and 
neophobia, as opposed to an eating behaviour in its own right.  Rather than cause 
concern for parents, food refusal can be considered a consequence of normal child 
development and an important positive influence on the dietary intake and 
subsequent growth of children.  Food refusal is added to the thesis conceptual model 
in Figure 2.2. 
Figure 2.2 Step 2 in the development of the thesis conceptual model – food 
refusal as an influence on dietary intake and growth 
EI = energy intake 
 
Potential consequences associated with this standpoint need to be considered.  
The limited dietary variety associated with fussy eating7, 261 is occurring at an age 
Growth / weight 
Dietary intake 
Food refusal  
- Familiar foods (self-regulation EI) 
- Unfamiliar foods (neophobia) 
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known to be key in the development of long-term food preferences.14  It is important 
to consider whether ‘fussy eating’ is a temporary phenomenon (i.e. food acceptance 
increases as neophobia declines with age211 and hence, perceived fussiness 
decreases) or whether the associated limited dietary variety persists into later life due 
to the development of a narrow range of food preferences in childhood.271  It seems 
counter-intuitive that normal physiological processes of the human body (self-
regulation of energy intake and neophobia) would result in negative long-term 
consequences.  In the studies just described, which examined perceived fussy eating 
in relation to child growth,230, 262, 272 parents reported the use of unresponsive feeding 
practices in response to food refusal.  Parents tended to offer foods they knew that 
the child would eat.  If a mother believes her young child might not eat enough at 
any given meal, she may manipulate the types of food offered to ensure the child is 
eating a desirable amount i.e. offering only preferred foods, rather than foods the 
child may refuse.6, 76, 273  This could facilitate the development of a narrow range of 
food preferences230 if children are not exposed to a variety of healthy foods 
consistent with ‘parent provides, child decides’232 and is directly contrary to the 
approach required to overcome neophobia - ‘repeated neutral exposure’.258  It may 
be, that feeding practices determine the difference between a ‘fussy eating phase’ and 
a negative impact on long-term food preferences whereby “parents inadvertently 
contribute to their child’s feeding problems by reinforcing maladaptive 
behaviours”.274  In the study of feeding difficulties amongst children aged 1-10 years 
in Singapore,262 pressure to eat was measured using two questions “I have to raise 
my voice and threaten my child until he/she finishes the food” and “If my child says 
‘I’m not hungry’ I try to get him/her to eat anyway”.  Care-givers who reported using 
these strategies ‘all of the time’ reported significantly longer duration of picky eating 
behaviour (reported duration 0.6-4.8 years; no effect size published).    
This section has described self-regulation of energy intake and neophobia as 
important and normal developmental characteristics that influence dietary intake in 
young children.  Food refusal associated with self-regulation and neophobia is a key 
determinant of the amount and type of food and beverage consumed, but tends to be 
interpreted by care-givers as problematic.  A potential consequence of this is the use 
of unresponsive feeding practices by care-givers (a reminder of the constant 
reciprocal parent-child interaction during feeding) and subsequent adverse impact on 
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child intake and growth.  Parent-centred factors, particularly maternal feeding 
practices and the influence of maternal perception on her use of feeding practices and 
child outcomes are now described in detail. 
2.4.3 Maternal factors associated with dietary intake 
It is parents that primarily determine children’s physical, emotional and social 
environments.  In particular, young children are dependent on parents to provide 
food that will promote healthy growth and development.  However the studies of 
dietary intake described in section 2.3.3, show that food and beverage consumption 
of toddlers is far from ideal and not consistent with public health recommendations.  
The role of parenting, particularly parental feeding practices, in the development of 
child food preferences, food intake patterns and subsequent overweight is being 
increasingly investigated.275, 276 
The contribution of “non-maternal involvement in feeding”,277 notably 
fathers,278 grandparents279 and child-care providers280 is acknowledged.  However 
research investigating the influence of these carers on children’s food intake and 
weight status is in its infancy and outside the scope of this review.  The focus of this 
thesis is on maternal feeding practices and for the most part, mothers remain the 
primary care-givers of very young children.281 
2.4.3.1 Defining feeding practices 
The term ‘feeding practices’ used throughout this thesis refers to techniques 
that a mother employs with a child during eating and feeding such that the child 
consumes the type and amount of food she deems appropriate.  Practices are 
considered “goal-directed behaviours”276 and the goal is, most often, that the child 
eats the food provided.  Practices have commonly been defined in the literature using 
the construct known as ‘control’.243  Three domains most commonly used to describe 
controlling feeding practices are, 1. restriction, assessing the level to which parents 
restrict their child’s access to sweet, high fat and favourite foods as well as use of 
food as a reward; 2. pressure to eat, the tendency to pressure their child to eat more 
food, especially at meal times; and 3. monitoring, the degree to which parents keep 
track of their child’s intake of discretionary foods.241   
The implication has been that control is inherently bad,282 with research 
identifying controlling feeding practices as overriding children’s cues of hunger and 
 Chapter 2: Literature Review 95 
satiety and disrupting self-regulation of energy intake.16  Feeding practices, which 
include offering food frequently, often in response to a child’s distress or to shape 
behaviour, coercing a child to eat, or offering preferred foods in response to food 
refusal, teach a child to eat for reasons unrelated to appetite.2  These practices may be 
considered inappropriate in today’s environment, where consumption of too much 
food has become a primary health concern.1 
However feeding practices can also include strategies used to modify the 
child’s food environment.  These include availability and accessibility of healthy 
foods (and limiting exposure to discretionary choices) at home, as well as meal 
routines15 and modelling i.e. family meal times provide an opportunity for the child 
to see parents consuming healthy foods.283  Within this context it would seem that a 
degree of control over ‘what’ children eat is appropriate.90  This is consistent with the 
‘division of responsibility’,232 whereby parents are responsible for what food they 
serve to their children, and when and where they serve it, while children are 
responsible for how much of that food they eat and whether they eat any of it at all.  
Children are given this responsibility to support them in recognising and responding 
to internal appetite cues, and thereby preserve capacity to self-regulate energy intake. 
The range of tools designed to measure the use of feeding practices has rapidly 
expanded in recent years284, 285  in an attempt to better capture the range of practices 
used by mothers, beyond the construct of ‘control’.  Of particular interest is the use 
of responsive versus non-responsive practices i.e. those that either support or 
override a child’s internal cues of hunger and satiety and hence influence a child’s 
self-regulatory capabilities.250 
2.4.3.2 Measuring the use of feeding practices 
Though the range of available tools has expanded,284, 285 measurement of the 
use of feeding practices within individual research studies varies widely.  Some 
studies use a question or questions developed for their sample,2 others use 
questionnaires which have been validated specifically to assess feeding practices 
while still others use selected factors or even individual items from these 
questionnaires.286   
There is also lack of tools designed to comprehensively assess the use of 
feeding practices by mothers of children less than two years of age.284  A summary of 
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questionnaires used to assess maternal feeding practices with children aged 12-23 
months is shown in Table 2.15.   The type of practices assessed and age ranges 
studied varies widely (e.g. from 0-17 years within one single study287), such that 
there is still very limited information specifically related to mother-toddler dyads.  It 
is important to have specific information because “optimal… practices will differ 
depending on the child’s developmental stage”.15   
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Table 2.15 Summary of questionnaires, published in chronological order, assessing use of maternal feeding practices with children 
aged between 12 and 24 months  
Questionnaire Domains Validation study Comments 
Behavioural paediatrics feeding 
assessment scale; Crist et al 
1994288; 1-7 years 
35 items, two factors:  
- child eating behaviour 
- parental feeding strategies 
42 parent of children aged 1-7 years, 
New Brunswick, Canada 
α=0.74 for factor related to parental feeding 
strategies, actual items not published.  No 
evidence of construct validity 
Parental dietary modelling scale 
(PDMS); Tibbs et al 2001289; 0-3 
years 
Six items, one factor:  
- diet modelling (includes ‘I 
limit my child’s high fat 
snacks’, ‘I set rules about my 
child eating fruits/vegetables’) 
456 African-American parents of 
children aged 0-3 years, Missouri, 
United States 
α=0.59. Correlated with daily number of 
servings of fruit/vegetables (r=0.18, 
p≤0.001) adjusting for demographic 
variables  
Infant feeding questionnaire 
(IFQ); Baughcum et al 20018; 
11-23 months 
21 items, seven factors: 
- concern about the child under-
eating or being underweight 
- concern about infant hunger 
- awareness of infant’s hunger 
and satiety cues  
- concern about the child over-
eating or being overweight  
- use of a feeding schedule 
- use of food to calm the infant 
- social interaction by the 
mother during feeding 
 
 
 
453 mothers from Indiana, United 
States with children aged between 
11 and 24 months, mean (sd) = 16.2 
(3.5) 
Retrospectively asks about child’s first year.  
Aims to identify maternal feeding beliefs 
and practices that may be related to child 
overweight in the second year of life.  
Internal reliability, in order listed, 0.71, 
0.74, 0.65, 0.55, 0.48, 0.44, and 0.24.  
Regression models investigating 
relationship between maternal and child 
weight status and factor score, explained 
very little variance R2=0.02–0.04 
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Questionnaire Domains Validation study Comments 
Eating for a healthy life – 
strategies to influence eating 
behaviour; Bourcier et al 
2003287; 0-17 years 
12 items, three factors: 
- reliance on self 
- pressuring   
- positive 
Telephone survey of 282 ‘family 
food providers’ participating in a 
nutrition intervention with church 
congregations, Washington, United 
States (26 had a child between 0–4 
years of age) 
α=0.66, reliance on self; 0.52, pressuring 
and 0.63, positive.  Factor score was 
compared with two questions assessing 
fat/fruit and vegetable intake in children 
aged 5-17 years, but the manuscript states 
this analysis was not completed for children 
0-4 years 
Response to food refusal; Wright 
et al 2006272; 6 weeks- 12 months 
Five items, one factor: 
- response to food refusal 
1029 mother-infant dyads recruited 
at birth for Millennium Infant Study 
in North-East England.  Mothers 
completed questionnaire when 
children aged 6 weeks (n=749), 4 
months, 8 months and 12 months 
(n=578) 
Developed as part of a study-specific 
questionnaire.  Internal reliability was poor 
at 8 month and 12 month assessments, 
α=0.38 and 0.33 respectively 
Management techniques of 
feeding problems; de Moor et al 
2007290; 18-36 months 
Nine items, three factors: 
- positive behavioural support 
- negative behavioural support 
- general management 
techniques  
 
 
 
 
 
 
422 parents of children aged 18-36 
months, Netherlands (155 children 
were 18-24 months of age) 
α= 0.67, positive behavioural support; 0.66, 
negative behavioural support and 0.58, 
general management techniques.  Child 
feeding behaviours (study-specific 
questionnaire) ‘pickiness’ and ‘disturbing 
mealtime behaviour’ significantly positively 
associated with the use of all three 
management techniques 
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Questionnaire Domains Validation study Comments 
Comprehensive feeding practices 
questionnaire (CFPQ); Musher-
Eizenman and Holub, 2007282; 
1.6-8 years 
49 items, 12 factors:  
- monitoring  
- emotion regulation 
- food as a reward  
- child control 
- modelling 
- restriction for weight 
- restriction for health 
- teaching nutrition 
- encourage balance and variety 
- pressure to eat  
- healthy environment 
- involvement 
 
152 mothers of children aged 1.6 – 8 
years (mean = 4.2) from 32 US 
states  
Aim: distinguish between practices 
associated with positive outcomes for 
children, e.g. teaching children about 
nutrition, restricting foods for health reasons 
versus potentially negative practices e.g. 
pressure to eat , restriction for weight 
control.  α for 12 factors in order listed 
=0.81, 0.74. 0.69, 0.69, 0.80, 0.70, 0.81, 
0.68, 0.58, 0.79, 0.75 and 0.77.  Examined 
external validity by comparing factor scores 
with those on the Child Feeding 
Questionnaire241 
High 5 for kids; Haire-Joshu et al 
2008291; 1-6 years 
Five items, two factors: 
- coercive feeding practices  
- modelling of fruit and 
vegetable intake 
1306 parents of children aged 1-6 
years (831 children were 18-24 
months of age)   
Part of an RCT evaluating the effectiveness 
of the High 5 for kids intervention - mean 
factor score for coercive feeding practices 
was lower in the intervention group 
compared with control following exposure, 
∆=−0.12, p=0.02 
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Questionnaire Domains Validation study Comments 
Toddler snack food feeding 
questionnaire (TSFFQ); Corsini 
et al 2010292; 18-24 months 
42 items, five factors:  
- rules 
- flexibility 
- allow access 
- self-efficacy  
- child’s attraction 
Confirmatory factor analysis using 
two Australian samples - 175 
mothers of toddlers aged 18 - 24 
months, mean (sd)=21.4 (2.5); and 
216 mothers of children aged 4 - 5 
years, mean (sd)= 4.8 (0.2)   
To assess how parents control their child’s 
intake of discretionary foods.  For children 
18-24 months, α=0.89, rules; 0.87, 
flexibility; 0.88, allow access, 0.75, self-
efficacy and 0.85, child's attraction.  
Correlations between frequency of snack 
food consumption (measured on FFQ) and 
rules, flexibility, allow access, and child’s 
attraction, in the expected directions 
Toddler feeding questionnaire; 
Chaidez et al 2011 293; 12-24 
months 
34 items, three factors:  
- indulgent 
- authoritative  
- environmental influences 
94 Latino mother-toddler dyads, 
Supplemental Nutrition Program for 
Women, Infants and Children, 
California, United States   
α=0.73, indulgent; 0.68, authoritative and 
0.63, environmental influences.  Indulgent 
factor positively associated with fat, 
saturated fat and sweetened beverage intake 
, authoritative factor negatively associated 
with sweetened beverage intake; measured 
on 2x24-hr recall and relationships adjusted 
for sociodemographic factors 
Baby’s Basic Needs 
Questionnaire (BBNQ); Stifter et 
al 2011294; 3-34 months 
13 items, one factor:  
- food to soothe infant’s distress 
100 mothers of children aged 3-34 
months, mean (sd)= 14.0 (9.0), 
Pennsylvania, United States 
α=0.86.  Interaction of food to soothe with 
higher temperamental negativity  predicted 
higher child BMI z-score, R2=0.31 
Search strategy in Appendix A 
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The Infant Feeding Questionnaire8 (IFQ) was one of the few validated tools to 
assess feeding in children less than two years of age, available at the time the 
NOURISH69 and SAIDI studies were designed (from which this thesis sample is 
drawn).  The IFQ8 validation study used a sample of 453 mothers, with children aged 
between 11 and 24 months [mean(sd)=16.2(3.5)], in the United States with diversity 
of maternal income, education and ethnicity.  The 21-item questionnaire 
retrospectively asks mothers about feeding during the child’s first year of life with 
the aim of identifying specific maternal feeding beliefs and practices that may be 
related to child overweight in the second year of life.  Four of the 21 items are 
specifically related to bottle feeding and/or use of cereal foods, but the remaining 
items do not distinguish between breastfeeding, formula feeding and use of solids 
foods.  In children under 12 months of age, duration of breastfeeding and/or use of 
formula are often conceptualised as feeding practices283 and may influence child 
outcomes independently, or in addition to, the practices measured in the IFQ.8 
While many questionnaires focus on maternal behaviour,283 the IFQ8 is 
designed to assess parent perception and concern regarding child weight, as well as 
feeding practices.  The IFQ8 defines practices as ‘concern about infant hunger’, ‘use 
of a feeding schedule’, ‘use of food to calm the infant’ and ‘social interaction by the 
mother during feeding’.  Factors related to maternal perception are classified within 
the questionnaire as maternal beliefs, and include ‘concern about the child under-
eating or being underweight’, ‘awareness of infant’s hunger and satiety cues’, and 
‘concern about the child over-eating or being overweight’.  The concept of 
perception (recalling that in section 2.4.2.3 it was noted that studies generally rely on 
maternal perception to define a child as a fussy eater), and in particular  perception of 
child’s weight as a key element in the investigation of feeding practices, is discussed 
later in section 2.4.3.4.  
The Child Feeding Questionnaire241 (CFQ) also assesses parent perception and 
concern regarding child overweight as well as feeding practices (31 items, seven 
factors).  The CFQ was designed for use with mothers of children aged 2-11 years, in 
the context of obesity risk.  It is mentioned here because of its widespread use in the 
literature,92, 241, 295-298 particularly the three factors which measure ‘control’ - 
restriction, pressure to eat and monitoring.  The validation study describes 
confirmatory factor analysis using three separate samples in the United States:  394 
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predominantly White non-Hispanic parents of girls aged 5-9 years from 
Pennsylvania,  148 predominantly White non-Hispanic parents of children aged 8-11 
years in Colorado and  126 mainly Hispanic parents of children aged 7-11 also from 
Colorado.   
2.4.3.3 Relationship between maternal feeding practices and child outcomes  
In section 2.3 of the literature review, a key gap was identified i.e. the lack of 
data describing dietary intake in children less than two years of age.  Similarly, there 
is almost no information on the use of feeding practices in this age group and 
relationship with child dietary intake.  However the food refusal and perceived lack 
of dietary intake that occurs as a consequence of normal child development during 
the second year of life (i.e. self-regulation of energy intake and neophobia) may have 
considerable influence on the use of maternal feeding practices.299   
Most studies investigate the relationship between the use of feeding practices 
and child weight in pre-school (3-5 years) or school aged children, assuming that 
excess weight gain is the result of disruption of self-regulation by inappropriate 
feeding practices.19, 284  However feeding practices are unlikely to influence child 
weight directly, instead acting via manipulation of food intake.300  The relationships 
between food refusal, feeding practices and dietary intake are added to the thesis 
conceptual model in Figure 2.3. 
 
Figure 2.3 Step 3 in the development of the thesis conceptual model – 
maternal feeding practices influence child dietary intake  
Growth/ weight 
Dietary intake 
Maternal feeding 
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- familiar foods 
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Some studies in pre-school and school-aged children investigate the 
associations between maternal feeding practices and specific aspects of child diet, 
such as fruit and vegetable intake, outcomes chosen because of their importance in 
the prevention of chronic disease.  Pressure, or coercion to eat – “eat your broccoli 
then you can have your ice-cream” - tends to decrease the child’s preference for the 
food they are coerced to eat,226, 301, 302 which is opposite to the parent’s intent.  Use of 
pressure to eat is associated with lower intake of fruit and vegetables and higher 
intake of dietary fat90 and may facilitate the development of problem eating 
behaviours where children refuse food in response to coercion.303, 304 
The results of these studies cannot necessarily be extrapolated to younger 
children since feeding practices may have different outcomes depending on the age 
of the child.15  For example, since restrictive feeding practices with one-year-old 
children would be largely covert305 – they are not aware of the foods available at the 
supermarket and hence, are not aware that their food choice is being restricted - 
restriction in this age group may be useful in limiting exposure to discretionary 
foods.  However as children grow and become aware of other food choices through a 
wider range of influences, restriction may not be a successful strategy, resulting in 
the negative consequences described in the previous paragraph.  This section 
describes the few studies which investigate the use of maternal feeding practices with 
children less than two years of age.  Given the limited literature in this area, studies 
which investigate dietary intake and/or child weight as outcomes are included.  
Maternal feeding practices and relationship with child weight  
Farrow and Blissett (2008)295 used the CFQ241 in one of the only studies to 
investigate the use of feeding practices by mothers of children less than two years of 
age, despite this tool not being validated in this age group.  In that 3-year 
longitudinal study295 in the UK, 62 mothers completed a self-administered 
questionnaire containing three factors from the CFQ241 - pressure to eat, restriction 
and monitoring, when children were 12 months of age [mean(sd) WAZ=0.04(0.90)].  
In a simple correlation, pressure to eat was associated with lower WAZ at birth (r =-
0.32, p<0.05), leading the authors to suggest that women were pressuring children 
who were born lighter, to eat more.  It seems this strategy was not successful, with 
pressure to eat at 1 year of age also significantly associated with lower WAZ at 24 
months of age (β=-0.34; t45=-0.30, p<0.01. R2 = 0.45), adjusting (only) for WAZ at 
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12 months of age using hierarchical regression.  Restriction at 12 months of age also 
predicted lower child WAZ at 24 months (β=-0.31; t45=-2.66, p<0.05, R2=0.43), 
controlling for WAZ at 12 months.  Restriction in this age group may be useful in 
preventing overweight in the short-term, remembering the potential for negative 
consequences amongst older children,90, 306 discussed earlier in this section. 
Another longitudinal study (n=837) conducted in the United States, found the 
opposite result.  Maternal restriction at age one year was associated with higher child 
BMI z-score at age three.297  This study used a single question to assess use of 
maternal restriction, defined as agreeing or strongly agreeing with “I have to be 
careful not to feed my child too much”.  Mothers answered this as part of a 
questionnaire when their child was one year old. Child height and weight were 
measured by study staff at three years of age, and used to derive BMI z-scores.33  
Restriction at one year was associated with higher BMI z-score at age three (β 
(95%CI) = 0.26(0.05-0.48), but this relationship was no longer significant when 
adjusting for weight-for-length z-score at age one (β (95%CI) = 0.00(-0.17-0.18).  
This may be because parents were restricting the food intake of one-year-old children 
that were overweight at that age, but reveals restriction as another unsuccessful 
strategy to control child weight, given the children remained overweight at three 
years of age.  Both of these studies295, 297 highlight the influence of child weight on 
maternal behaviour, and provide evidence for the reciprocal nature of the feeding 
relationship between mother and child.  Notably though, neither study used a 
questionnaire designed for assessing feeding practices used by mothers of children 
less than two years of age.   
A single study (n=313) has used the IFQ8 (validated in children less than two 
year of age) to investigate the relationship between maternal feeding practices and 
child BMI z-score.307  However the questionnaire was completed by mothers when 
the child was three years of age hence the potential for recall bias is strong.  The 
article states that the IFQ is “about different aspects of maternal infant-feeding style 
during the child’s first year of life” and presumably mothers were asked to answer 
the questions in reference to their child’s first twelve months.  Height and weight 
were measured by study staff when children were five years old and used to derive 
BMI z-scores.33  Factor scores were used to divide the sample into two groups for 
each IFQ factor, e.g. use of a feeding schedule was divided into high and low control.  
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Since factor scores were not normally distributed, the sample was divided into 
tertiles based on factor score.  Participants in the highest tertile were compared to 
those in the lower two tertiles i.e. two groups.  Mean BMI z-score was then 
compared across the two groups, for each of the seven factors.  There was no 
association between retrospective report of maternal feeding practices in infancy and 
child BMI z-score at age 5 years.307  Notwithstanding potential recall bias, this may 
be because child weight is influenced by a complex set of familial and environment 
factors.308  In particular, feeding practices may not have a direct effect on child 
weight, but act via controlling food intake.300 
Maternal feeding practices and relationship with child dietary intake 
An Australian study296 of 60 mother-child dyads assessed the impact of feeding 
practices at one year of age on both child weight and dietary intake at age two.  
Mothers were recruited through community newspapers and play groups to complete 
a self-administered questionnaire when their child was one year old 
(mean(sd)=1.46(0.26) years; i.e. 17.5 months) and asked to complete it again 12 
months later.  The questionnaire included two factors from the CFQ241 - pressure to 
eat (α=0.61) and restriction.  The restriction factor was modified by removing two 
items regarding use of food as a reward, in response to criticism of the CFQ for its 
inclusion of these items within the factor labelled ‘restriction’.309  The scale 
maintained good internal consistency with α=0.79.  ‘Modelling of healthy eating’ 
was measured using three items designed specifically for the study (α=0.75).  
Participants provided self-reported height and weight for themselves and their child.  
They also completed the Child Food Frequency Questionnaire.310  Mothers recorded 
how often their child ate each of the foods from a specified list of 40 items, over a 
period of one week, on a seven point scale - four or more times a day, three times a 
day, twice a day, once a day,  four-six times a week, two-three times a week, once a 
week or not eaten.  The list of foods were categorised into three groups – fruit (14 
items), vegetables (13 items) and sweets (13 items) i.e. discretionary choices, and 
responses recoded to determine the average number of times per day that a child ate 
fruit, vegetables or sweets.  Hierarchical multiple regression was used to predict 
daily consumption of each food group at age two years, controlling for consumption 
of that group at age one.  Frequency of consumption of fruit, vegetables and sweets 
at one year of age independently predicted the frequency of consumption of the 
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respective group at age two years (β=0.47, p<0.001; β=0.54, p<0.001 and β=0.56, 
p<0.001 respectively).  Lower maternal use of pressure to eat at one year predicted 
higher frequency of fruit consumption at two years (β=-0.28, p=0.023, R2 final 
model=0.31) while more frequent maternal use of modelling predicted frequency of 
vegetable consumption at two years (β=0.34, p=0.005, R2 final model=0.44).  No 
sociodemographic variables were included in the regression analysis. 
Unlike the UK study by Farrow and Blissett (2008),295 in which use of pressure 
to eat and restriction at 12 months of age were associated with lower WAZ at 24 
months of age, use of any of the three feeding practices at age one year in the 
Australian study296 did not predict child weight-for-height z-score at two years.  It 
does support the conclusion that pressure to eat is a counter-productive strategy and 
is consistent with findings in older children that controlling feeding practices are 
associated with lower consumption of healthy foods.299  This study296 also highlights 
the important of ‘modelling’ as a feeding practice. 
Modelling may be one reason why parental intake of fruit and vegetables has 
been positively related to intake of fruit and vegetables in young children.215, 311-313  
Practices include not purchasing unhealthy foods for the household, only serving 
healthy choices at meals and snacks, and families participating in mealtimes together 
where children see healthy choices being eaten by parents.  Since children’s 
acceptance of new foods is improved with repeated exposure in a non-coercive 
setting, modelling may be more effective than control in influencing a child’s food 
choices.80   
In a German study314 of 556 children aged between 1 and 10 years of age 
(n=186, 1-3 years; n=183, 3-6 years; n=187, 6-10 years) structural equation 
modelling was used to assess the relationships between use of maternal feeding 
practices, child’s intake of ‘healthy’ and ‘unhealthy’ foods and sociodemographic 
variables.  Feeding practices were measured using the ISS315 which assesses six 
factors – restriction, monitoring, pressure, rewarding, child’s control and modelling.   
This instrument was developed by the same authors in a sample of 163 mothers of 3 
to 6 years old children.315  No measures of internal consistency were reported when 
the ISS was used in the sample of 1-10 year old children.314  Dietary intake was 
measured using a study specific food frequency questionnaire on which mothers 
indicated on a six-point scale (ranging from ‘never’ to ‘several times a day’) how 
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often their children ate foods from a specified list.  The number of individual food 
items included on this list was not reported.  Daily intake of foods was converted to a 
composite score, representing intake of ‘healthy foods’ i.e. fruit, vegetables and 
wholegrain breads and cereals, and ‘unhealthy foods” i.e. sweets, chips, soft drinks 
and fast foods.  Within the structural equation model, modelling as a feeding practice 
was positively associated with intake of healthy foods (β=0.60, p<0.01) and 
negatively associated with intake of unhealthy foods (β=-0.22, p<0.01).  Notably, 
child age was inversely related to modelling (β=-0.15, p<0.01) which highlights 
more frequent and successful use of modelling amongst mothers of younger children 
with subsequent increase in child intake of healthy foods and decrease in intake of 
unhealthy foods.  The only other feeding practice that was related to food intake in 
this model was ‘rewarding’ (i.e. use of food as a reward), which was associated with 
intake of unhealthy foods (β=0.24, p<0.01). 
Maternal feeding practices and child outcomes – a summary 
Limitations associated with the studies described in 2.4.3.3 mean that no 
specific recommendations can be given to mothers about optimal feeding practices to 
support toddler growth and development.  Studies are few in number and 
predominantly use the ‘control’ construct in feeding, while the dietary intake 
variables are limited to broad food groupings.  Also, despite recognition that child 
weight is influenced by a complex set of factors308 covariates such as maternal 
weight and socioeconomic status are rarely considered.   
Broadly, the previous section suggests that feeding practices which attempt to 
control how much food a child eats, result in poorer quality intake and unhealthy 
growth.  Therefore it is important to consider why parents use these practices.  The 
relationship between feeding practices and child outcomes is bidirectional, in that 
parents may implement controlling feeding practices in response to their child’s 
weight and intake.  Ironically, parents concerned that their toddler is not eating 
adequate nutritious food, may use feeding practices that are not responsive to 
children’s cues of hunger and satiety and thereby contribute to excessive energy 
intake and the development of overweight and obesity.16  More importantly, parents 
may use non-responsive feeding practices because they perceive their child’s intake 
(amount and type of food) and/or weight as inadequate, whether this perception is 
accurate or not.  This means the conceptual model shown in Figure 2.3 is missing 
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one important step – maternal perception of child intake, weight and behaviour - as 
differing perceptions may result in the implementation of different feeding practices.  
This variable is added in Figure 2.4. 
 
Figure 2.4 Step 4 in the development of the thesis conceptual model – 
maternal perception of child intake, weight and behaviour influences use of 
maternal feeding practices  
2.4.3.4 Relationship between maternal beliefs and her use of feeding 
practices 
It is thought that parents’ child rearing practices are dependent on their beliefs, 
goals, and observations of children’s abilities in a specific domain.316  If parents 
modify their feeding practices such that they employ different practices with 
different children within the same family,295, 317 then this depends on parental 
perception (conscious or otherwise) of an individual child’s characteristics such as 
gender, age, birth order and physical appearance and weight.  Icek Ajzen, who is 
known for developing ‘the theory of reasoned action’ and ‘the theory of planned 
behaviour’ states that “...a person’s behaviour is explained by reference to his or her 
beliefs.  Since people’s beliefs represent the information (be it correct or incorrect) 
they have about their worlds, it follows that their behaviour is ultimately determined 
by this information”.318  The Oxford dictionaries88 define belief as “the feeling that 
something is real and true; something accepted as true”, while perception is “the 
way in which something is regarded, understood, or interpreted”.  Perception and 
belief will be used interchangeably throughout this thesis. 
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A mother’s perception of her child may be more important in determining how 
she feeds her child, than the child’s actual dietary intake or weight.  Does a mother 
who believes her child is underweight or not eating enough, employ feeding practices 
such as pressure to eat?  Is the mother’s belief that her child is underweight correct or 
incorrect?  Does a mother who interprets her child’s food refusal as satiety employ 
different feeding practices to a mother who associates food refusal with a child being 
a fussy eater i.e. a ‘problem’ eater?  Perhaps maternal perception of the individual 
child is irrelevant, and cultural norms determine what feeding practices she decides 
to use. 
There is literature addressing maternal perception of child weight, but maternal 
perception in relation to subsequent use of feeding practices has largely been 
ignored.  The commonly cited conceptual mediation model developed by Ventura 
and Birch,80 which proposes bi-directional arrows between the three variables - 
feeding practices, child eating and child weight, does not take into account maternal 
perception of her child’s eating behaviour or weight.  This will be considered here in 
two steps.  First, what is known about maternal perception of child dietary intake and 
weight and second what is known about how perception influences the use of feeding 
practices. 
Maternal perception of dietary intake and weight 
Literature regarding ‘fussy eating’ was discussed in section 2.4.2.3, concluding 
that parents perceive food refusal associated with self-regulation of energy intake 
and/or neophobia, as problematic i.e. child behaviour influences maternal perception.    
It may be that mothers perceive food refusal in itself as a problematic behaviour i.e. a 
child being ‘naughty’ or ‘difficult’.  Food refusal could also be considered a marker 
of inadequate intake i.e. the child did not eat the amount served by their mother 
(which is based on her understanding of nutritional requirements) and therefore the 
child did not eat ‘enough’.  Some of the studies in section 2.4.2.3 included questions 
regarding a mothers perception of her child’s intake, such as whether she considers 
the amount and/or type of food consumed at a meal as adequate.230, 270  However, 
interpretation of what is adequate would vary between participants and maternal 
perception is rarely objectively evaluated against the child’s actual dietary intake or 
requirements.   
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This led the authors of a narrative review published in 2014 to state “there 
remains a paucity of research examining parental perceptions and misperceptions of 
their child’s diet”.6  This review identified one report - an analysis of data from the 
GENESIS study (Growth, Exercise, and Nutrition Epidemiological Study in pre-
schoolers) in Greece, in which parental perception was compared to an objective 
measure of child diet quality in 1759 children aged 2-6 years.319  Children were 
recruited from private and public early childhood education centres and mothers 
asked ‘how would you characterise your child’s diet?’ with responses divided into 
three groups ‘very good/good/healthy’, ‘not as good’ and ‘little good/no good’.  
Three days of dietary intake data were collected.  Interestingly the methodology used 
varied depending on the day and time, e.g. dietary intake at the centre was recorded 
by a Dietitian using weighed food record, food consumption at home on the 
remainder of that day was recorded using 24-hour recall, while intake on the 
designated weekend day was documented by parents using an estimated food 
record.320  Presumably a mixture of methods was used to enable feasibility, but it is 
unclear what impact this might have on the accuracy of data collected.  Dietary 
intake data were then evaluated using the ‘Healthy Eating Index’ (HEI), a scoring 
system (0-100) designed to assess adherence to dietary guidelines for Americans in 
individuals over 2 years of age.321  A HEI score above 80 is representative of a ‘good 
diet’.   
Based on the HEI, three children i.e. 0.2%, were classified as having a ‘good’ 
diet.  In contrast, 80% of mothers considered that their child’s diet was ‘good/very 
good/healthy’.  Logistic regression was conducted to determine which factors 
predicted maternal overestimation of child’s diet quality.  Mothers who rated their 
child’s appetite as good/very good had six times the odds of overestimating diet 
quality, compared to mothers who reported their child’s appetite as bad/very bad 
(OR=6.65, 95%CI:4.33-10.22).  Number of servings consumed per day of 
vegetables, milk and meat were also factors that independently predicted a mother 
overestimating the quality of her child’s diet.  No socioeconomic factors were 
associated (bivariate or adjusted) with maternal perception of child diet quality.  
These results imply that mothers consider the amount of food a child consumes an 
important criterion in making her assessment of diet quality.  The GENESIS study 
did recruit children aged 1-6 years but did not examine the relationship between 
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intake and perceived diet quality in the children less than two years of age, because 
the HEI is not considered valid in that age group.319   
The literature review for this thesis did not identify any studies that aim to 
verify maternal perception of child dietary intake in children aged 12-24 months.  
While little is known about parental perception of child intake,6 there is considerable 
research evaluating perception of child weight during childhood and adolescence.   
Studies from across the world reveal parents consistently underestimate their 
child’s weight - children within the normal weight range tend to be classified as 
underweight while overweight children are perceived as normal weight.322  There 
are, however, no studies assessing perceptions of Australian parents of their toddler’s 
weight.  Anecdotal evidence suggests a strong emphasis by both parents and health 
professionals on weight gain during infancy, as a measure of a child’s overall 
progress, such as grams gained since a child’s previous health check.  This is despite 
rapid weight gain in infancy being a major risk factor for disease later in life.11, 24-26  
There is a community perception that the ‘chubby’ baby who eats ‘well’ reflects a 
happy, healthy baby.323, 324  In an Adelaide survey (n=374) almost the same number 
of mothers were worried that their 12- to 36-month-old child would become 
underweight as were worried about overweight, 64 and 86 participants respectively.2  
The Dortmund Nutritional and Anthropometric Longitudinally Designed Study 
(DONALD) in Germany is one of the few studies examining maternal perception of 
child weight in the second year of life.325  This study began in 1985, recruiting 
children when aged three months and following them to adulthood.  During an 
assessment at 12 months of age, mothers (N=253) were asked to rate their child’s 
weight as ‘too low’, ‘just right’ or ‘too high’.  Child weight and length were 
measured and used to calculate BMI.  Children with a BMI greater than the 85th 
percentile (using German reference standards) were classified as overweight.  The 
majority of children were within the normal weight range (77%, n=194), but eighteen 
of these children were perceived as having a weight that was too low.  Fifty-three 
children (21%) were classified as overweight, but 38 of these children were 
perceived as ‘just right’ by their mother.  The general tendency across the cohort to 
underestimate child weight might reflect a perception that higher child weight is 
‘normal’ or preferable.  It is important to note that data were collected in the 1980s 
when the prevalence of overweight was comparatively low and before obesity in 
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children or adults was commonly discussed in the media.  One might expect cultural 
norms and consequently parental perceptions of child weight to have changed over 
the last three decades,326 however it does seem that the chubby healthy baby is an 
enduring symbol across time and cultures. 
The study by Burdette et al (2006),307 described in section 2.4.3.3 did not find 
an association between retrospective report of maternal feeding practices using the 
IFQ8 and child BMI z-score at 5 years of age (n=313).  However mothers with high 
concern about the child under-eating or being underweight had children with 
significantly lower BMI z-scores compared with mothers defined as having normal 
concern (mean(SE)=0.12(0.09) vs 0.60(0.07), p<0.001), i.e. the children of mothers 
with high concern in infancy were leaner in comparison to the other group of 
children, but not underweight, at age 5 years.  This lends support to the suggestion 
that mothers base their concern on an incorrect perception regarding normal child 
growth e.g. the cultural notion that a chubby baby is healthy323, 327 and despite a 
normal growth trajectory, the leaner child is ‘unhealthy’.   
This is reflected in literature showing that parents interpret growth charts 
incorrectly, preferring children to track at higher percentiles compared with normal 
growth trajectories on lower percentiles.328  A convenience sample of 279 parent-
child dyads was recruited during their usual child health check in the United States.  
Children were aged between 6 and 27 months of age (18% of children were aged 12-
14 months and 17% 15-17 months).  Child weight was measured and used to 
determine weight-for-age percentile.  Parents (88% mothers) were asked to describe 
their own child’s weight as too low, low, just right, high or much too high as well as 
rank six hypothetical growth patterns, documented on actual growth charts, from 
healthiest to least healthy.  Of the 83 children with a weight-for-age percentile <25%, 
47 parents rated this as ‘low’ or ‘much too low’.  In contrast 52 children had a 
weight-for-age percentile >75% and 40 parents labelled this as ‘just right’ and one 
parent as ‘low’.  When asked to interpret hypothetical growth patterns, half of the 
participants ranked the chart which demonstrated consistent growth along the 10th 
percentile as least healthy while a third chose charts with growth at the 90th 
percentile as healthiest.  These findings were repeated in a similar study by the same 
authors327 in which 31% of parents also said they were not confident they understood 
the meaning of growth charts. 
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The apparent preference amongst parents for heavier infants and toddlers is in 
contrast to emphasis on obesity prevention amongst researchers and practitioners 
worldwide.  Inaccurate weight perception is of concern for two reasons - if parents 
are unable to recognise that their child is at risk for overweight, they cannot act to 
prevent further excess weight gain329; and if perception influences the use of parental 
feeding practices,330 particularly a perception that is incorrect, parents may 
inadvertently employ practices that facilitate the development of overweight and 
obesity in their child e.g. the use of pressure to eat with the leaner child.295   
The DONALD study,325 just described in this section of the literature review, 
supports this hypothesis.  In addition to comparing maternal perception of child 
weight and actual child weight at 12 months of age, child weight was measured at 
seven years of age (N=253).  Children within the healthy weight range but whose 
weight was perceived as ‘too low’ by their mother at 12 months of age, had a greater 
increase in BMI z-score by age seven, compared to children whose weight was 
considered ‘just right’ (mean(se) 0.55(0.20) vs  0.05(0.07) respectively; p=0.001 
adjusting for maternal BMI, educational attainment, and age, child gestational age 
and gender).  Data on feeding practices were not collected within DONALD, but it is 
hypothesised that mothers who thought their toddler was too lean (regardless of 
actual weight status) used pressure to eat, resulting in higher weight gain over 
subsequent years.  So while pressure to eat was not a ‘successful’ strategy to increase 
child weight over the course of one year in Farrow and Blissett’s study,295 sustained 
use of this feeding practice may result in weight gain over a period several years.   
How perception influences use of feeding practices 
Thus far, maternal perception of food refusal, dietary intake and child weight 
has been discussed.  It is hypothesised that use of controlling feeding practices 
increases when mothers perceive their child’s behaviour, intake and/or weight as 
problematic or inadequate.331  Parents of pre-schoolers332, 333 and school-age 
children334 report greater use of pressure to eat in children who are considered ‘slow 
eaters’ or ‘fussy’.  The use of controlling or unresponsive feeding practices in 
response to food refusal by toddlers was introduced in section 2.4.2 of the literature 
review.   
The study by Carruth et al (1998)230 described in section 2.4.2.3, which 
compared maternal perception of the child as a picky eater (n=118, age 24-36 
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months) with dietary variety and diversity using six days of dietary intake data, also 
assessed maternal ‘behaviour’ using a 20-item questionnaire.263  Mothers rated their 
use of specified practices on seven point likert scale, 1=never or almost never to 
7=always or almost always.  Mothers who perceived their child as a picky eater 
reported more frequent use of what could be considered unresponsive feeding 
practices e.g. “how often do you attempt to persuade your child to eat a food?”, 
picky vs. non-picky eaters: 4.64±1.80 vs. 3.27±1.66, p<0.001; and “how often do you 
provide a food reward for eating a food you think your child should eat?”, picky vs. 
non-picky eaters: 2.77±2.04 vs. 1.93±1.35, p=0.008. 
A study335 of fifty mother-toddler dyads from Texas in the United States 
examined perception of child weight amongst mothers of 12- to 25-month-old 
children and use of feeding practices measured with the Comprehensive Feeding 
Practices Questionnaire282 (CFPQ; described in Table 2.15).  Mothers were given a 
standardised picture depicting nine infants, designed to represent a range of body 
sizes from very thin to very overweight and asked to select the figure which best 
represented their own child.   The child’s actual weight was measured by study staff.  
Maternal perception of her child’s size was negatively related to the factor score ‘use 
of pressure to eat’ (α=0.81; r=-0.30, p=0.04, controlling for the child’s actual weight) 
supporting the hypothesis that mothers use pressure to eat with the child they 
perceive as thin. 
In the study which was described in section 2.4.3.3, the association between 
maternal feeding practices and food intake of children aged between 1 and 10 years 
of age (N=556) was analysed using SEM.314  The authors justified their use of 
maternal report of child weight within the model (as opposed to measured) because 
the analysis “concentrated on the association between maternal perception of child’s 
weight and their use of feeding strategies”.  Child weight was significantly 
associated with reward (β=-0.14, p<0.01), restriction (β=0.19, p<0.01) and pressure 
(β=-0.29, p<0.01) as measured by the CFQ.241  That is, lower reported child weight 
was associated with greater use of food as a reward and pressure to eat but lower use 
of restriction.  This is consistent with the anecdotally common approach of ‘at least 
they eat something’. 
The available literature is limited due to a lack of research, but these studies230, 
314, 335 support the concept introduced at the beginning of section 2.4.3.4, that “...a 
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person’s behaviour is explained by reference to his or her beliefs”.318  Mothers 
employ different feeding practices with different children295, 317 dependent on their 
perception of an individual child’s behaviour, intake and weight.   
2.4.3.5 Other factors influencing maternal feeding beliefs and practices 
The concept of maternal beliefs about her child’s intake and weight and the 
accuracy of these beliefs will be considered the key driver in the use of feeding 
practices in the thesis conceptual model, as illustrated in Figure 2.4.  However there 
are other factors to take into consideration, which are discussed here then added to 
the conceptual model at the end of this section.  
Breastfeeding 
The risks of not breastfeeding are well documented.54  Section 2.2.1 described 
the rapid weight gain and associated obesity risk in infants fed infant formula.  One 
proposed mechanism for the slower rate of weight gain seen in breastfed infants may 
be maternal use of responsive feeding practices while breastfeeding, that are then 
used throughout childhood, leaving control over amount eaten predominantly with 
the child. 
An analysis of data collected by Farrow and Blissett295 (described in section 
2.4.3.3) investigated predictors of maternal controlling feeding practices.92  Mothers 
(N=62) completed a written questionnaire when their child was 12 months of age and 
again at 24 months.  The questionnaire included the CFQ241 and assessed a number 
of possible predictors including duration of breastfeeding.  Overall, shorter duration 
of breastfeeding was associated with greater use of controlling feeding practices.    
Pressure to eat at 12 months of age was associated with lower duration of 
breastfeeding (in weeks) (β=-0.31, p=0.01) and lower infant birth weight (β=-0.30, 
p=0.02); R2=0.19, F(2,55)=6.61, p=0.003, (adjusting for maternal age and mental 
health and child mealtime negativity and temperament at 6 months) i.e. women may 
pressure children who were born lighter, to eat more.295  Restriction at 24 months of 
age was predicted by restriction at 12 months (β=0.49, p<0.001), fewer number of 
weeks infant was breastfed (β=-0.30, p=0.004), and higher WAZ at 12 months 
(β=0.30, t=2.72, p=0.009), as well as meal-time negativity at 1 year (β=0.46, 
p<0.001) and perception of difficult temperament at 12 months (β=-0.40, p<0.001); 
R2=0.63, F(5,42)=14.49, p<0.001.   
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These results are similar to two earlier studies.  In a study of 55 mother-toddler 
dyads, participants were recruited when the child was aged 12- to 13 months.336  
Mothers were asked if they were breastfeeding at time of enrolment and completed a 
study specific questionnaire to assess ‘maternal control in feeding’.  Women 
breastfeeding their toddler at 12- to 13 months of age reported lower levels of control 
in feeding, adjusting for maternal education, child gender and child weight (β=-0.36, 
p<0.01, R2=0.27) compared to those who had ceased breastfeeding when their child 
was less than 12 months of age.   
The second study, Project Viva,298 was a prospective cohort study of 1160 
pregnant women and their children in the United States, using a modified version of 
the CFQ, with two factors; restriction (one item) and pressure to eat (five items).  
Mothers completed a self-administered questionnaire at 12 months postpartum which 
included the modified CFQ and “How old was your child when you stopped 
breastfeeding?”.  Mean duration of breastfeeding within the cohort was 6.3 months 
(sd=4.5) and the odds of mothers using restriction when their child was 12 months 
old decreased with each one-month increase in breastfeeding duration (OR=0.89, 
95%CI:0.84-0.95; R2=not reported) adjusting for maternal age, education, ethnicity, 
BMI and child weight.  Pressure to eat was not associated with breastfeeding 
duration. 
The nature of breastfeeding, particularly the frequent feeding required to 
establish breastfeeding requires a mother to be responsive to her infant’s hunger and 
satiety cues.337, 338  It is hypothesised that this responsiveness continues throughout 
the phase of complementary feeding, resulting in lower use of controlling feeding 
practices, thus continuing to support the child’s innate ability to self-regulate energy 
intake.  Breastfeeding is therefore an important variable to consider within an 
analysis of maternal beliefs and practices. 
Child temperament 
Another variable to consider is temperament, defined as genetically determined 
individual differences in emotional, motor and attentional reactivity and self-
regulation.339  These differences are apparent in infancy and temperament is 
generally considered stable throughout life.340  Temperament is conceptualised in 
different ways throughout the literature, though the three main dimensions are 
considered to be:  
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 reactivity-negative emotionality, describing irritability, negative mood and 
high-intensity negative reactions; 
 self-regulation, the effortful control of attention and emotions; and 
 approach-inhibition, the tendency to approach new situations or people or 
instead, withdraw and be wary.340 
Child temperament has been shown to influence general parenting behaviour in 
a number of contexts.341  For example a fearful child may be shielded from difficult 
situations by a parent, while another parent may force a fearful child into unfamiliar 
situations in an attempt to overcome this perceived undesirable attitude to new 
things.  It is this interaction between temperament and environment, notably positive 
or negative parenting practices, that result in positive or negative developmental 
outcomes e.g. anxiety or aggressive behaviour.342  It is important to consider how 
this interaction translates to the feeding relationship, especially the influence on use 
of maternal feeding practices, a child’s self-regulation of energy intake253 and 
subsequent obesity risk.343  It is plausible that a child categorised as having a 
‘difficult’ temperament might exhibit behaviours that influence a mother’s 
perception or satisfaction during feeding,344 thereby linking temperament to the 
premise within this thesis that maternal beliefs are a key driver in the use of feeding 
practices.  
In the study just described by Blissett and Farrow (2007)92 which found an 
association between duration of breastfeeding and feeding practices, maternal 
perception of child temperament was also associated with use of feeding practices.  
Difficult temperament (β=-0.40, p<0.001) and mealtime negativity (β=0.46, 
p<0.001) at 12 months of age predicted lower use of restriction at 24 months.  This 
may be because instead of restricting intake of ‘unhealthy foods’, “parents may use 
food as a means of soothing their children during stressful interactions around 
food”.344 
A cross-sectional analysis of the Norwegian Mother and Child cohort study 
(N=40266) examined temperament domains (internalizing, externalizing, and 
surgent) and consumption of sweet foods and drinks measured via a food frequency 
questionnaire at age 18 months.345  Children with higher scores on the externalising 
domain (i.e. upset easily, can’t sit still) had higher odds of being given sweet food 
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more than three times per day (adj OR=1.53, 95%CI:1.40-1.67) compared to children 
with lower externalising behaviour.  Children with higher scores on the internalising 
domain (i.e. fearful, won’t sleep alone) had higher odds of being given sweet foods 
more than three times per day (adj OR=1.47, 95%CI:1.32-1.65), and sweet drinks 
more than five times per day (adj OR=1.76, 95%CI:1.56-1.98) compared to children 
with lower internalising behaviour (independent of mother’s own negative affectivity 
and education, child gender, weight-for-height at 12 months, and breastfeeding status 
at 15-18 months of age) i.e. parents are using sweet foods and drinks to calm the 
young child exhibiting negative behaviours which are a manifestation of 
temperament. 
Studies of temperament highlight the complex interaction between child 
characteristics and his or her environment.  An environment that is responsive to 
both the positive and negative innate characteristics of the child is most likely to 
support optimal growth and development.  How mothers perceive the child with a 
more difficult temperament in the context of feeding practices needs to be explored 
further and temperament will be added as a potential influence within the thesis 
conceptual model at the conclusion of this section. 
Maternal concern about her own weight and diet 
Another influence on maternal perception and concern about her child’s weight 
is whether a woman has a distorted perception of her own weight or own disordered 
eating patterns.  Mothers of children aged up to two years [mean(sd)=1.0(0.5)] 
completed a web-based survey assessing their own weight concern and concern 
about their child’s weight (N=71).346  Maternal weight concern was measured using a 
modified version of the Weight Concern Score (WCS)347 and concern about child 
weight using a study specific questionnaire that examined dissatisfaction with infant 
feeding behaviour and weight gain in the first year of life.  Child’s birth weight and 
maternal height and weight were self-reported.  As expected lower child weight 
resulted in higher maternal concern, with birth weight inversely related to maternal 
concern about child weight, r=-0.26, p<0.05.  Maternal WCS was correlated with 
concern about child weight, r=0.38, p<0.01; and this association remained after 
controlling for birth weight and maternal weight, partial r=0.30, p<0.05.  This 
indicates that a mother’s concern about her child’s weight is in part, motivated by 
concern about her own weight, rather than being based in the child’s actual weight.   
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In an Australian study of 202 mother-child dyads recruited via playgroups in 
Melbourne,348 mothers own weight concern was associated with her concern about 
the child becoming overweight.  Children were between 1.5 – 2.5 years of age, 
mean(sd)=2.0(0.4), when mothers completed a self-administered questionnaire.  
Maternal body dissatisfaction was measured using the weight concern sub-scale of 
the ‘Eating disorders examination questionnaire’.349  Maternal concern about child 
weight was measured using the concern over child weight subscale of the CFQ241 
which gauges concern about the child’s risk of obesity.  There was a small but 
positive association between maternal body dissatisfaction and concern about child 
weight, rs=0.20, p<0.01.   
In addition to weight concern, a parent’s actual weight status may influence 
their perception of a child’s weight.   As mentioned in section 2.4.3.4, there is a 
universal tendency for parents to underestimate their child’s weight, though mothers 
and fathers who are overweight themselves have an even greater tendency to report 
their overweight child as normal weight.322  Hence mother’s own weight concern and 
BMI are important influences to consider. 
Feeding practices in the context of parenting 
Parents influence the dietary intake of young children at three levels - parenting 
style, feeding style and feeding practices.15  Though not directly relevant to the thesis 
conceptual model, parenting style and feeding style are mentioned here in 
recognition that both provide the framework within which feeding practices occur.   
Parenting style describes the emotional context for parent-child interactions 
across all settings,275, 350 while feeding style describes how a parent interacts with 
their child during feeding situations.80  Parenting style has been associated with 
children’s social-emotional and behavioural outcomes in both cross-sectional and 
longitudinal studies.341  Four general types of parenting style have been identified, 
authoritative, authoritarian, permissive and uninvolved.  Authoritative parenting 
considered the most desirable276 whereby parents display a high degree of 
‘responsiveness’ i.e. sensitivity, affection and involvement with the child, as well as 
having high ‘demandingness’ i.e. expectations of the child for maturity and self-
control.80, 351  This is often described in lay literature as positive parenting and is 
associated with developmental outcomes such as improved school performance and 
psychosocial functioning.300  Similarly an authoritative feeding style resembles the 
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parenting style of the same name in which parents set firm, age-appropriate limits for 
children’s behaviour at meal times, but remain responsive to the child’s needs, most 
particularly hunger and satiety cues.352  Authoritative parenting and feeding styles 
have both been associated with higher intake of fruit and vegetables in early 
childhood.299  However, general parenting style is considered the most distal 
influence on child dietary intake, and feeding practices “are conceptualised as the 
most proximal level of influence”.15 
The parenting style adopted by a parent depends on an individual’s own family 
background, personality, culture or religion, socioeconomic status, and educational 
level.  As a result, parenting style and feeding style are considered generally stable 
traits,275 while feeding practices are more responsive to the current context.  Feeding 
practices may vary from day-to-day and parents may employ different feeding 
practices with different children within the same family depending on parental 
beliefs and perceptions332, 334 e.g. a mother has an innate parenting style but coerces 
her child who she considers underweight to eat, and not the sibling who is an 
acceptable weight.  
It is the direct relationship between feeding practices and child dietary intake as 
well as the potential to modify the use of specific practices which means that feeding 
practices are the focus in this thesis rather than the broader parenting context.  In 
practice, parents can be supported to identify their own parenting and feeding styles 
and encouraged to employ practices that are responsive to a child’s ability to self-
regulate energy intake. 
2.5 SUMMARY AND CONCEPTUAL MODEL 
Two key gaps within the existing literature that this thesis will address are, 1. 
the lack of dietary intake data from children in the transition to family foods; and 2.  
information about the relationship between child intake and growth, maternal 
perception and use of feeding practices during this period.  The few studies available 
indicate that food intake and feeding practices with children between one and two 2 
years of age fall well short of ideal.    Dietary quality in this age group is poor, 2-4, 81 
with consumption of discretionary choices prevalent in very young children.   
Given maternal feeding practices directly influence what young children are 
offered and what they eat, it is imperative to understand what factors influence the 
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use of maternal feeding practices, and thereby address use of inappropriate practices.  
Although feeding is acknowledged as a bidirectional interaction between mother and 
child, few studies have comprehensively investigated the extent to which maternal 
perception of child behaviour, dietary intake and growth, drive the use of feeding 
practices.  This is particularly relevant during the toddler years in which parents 
witness (and respond to) their child’s rapid social, cognitive and emotional 
development228 including the emergence of autonomy, neophobia and food 
fussiness.7  This thesis proposes that fussy eating is the outward manifestation of 
both self-regulation of energy intake (refusal of familiar foods) and neophobia 
(refusal of unfamiliar foods) which occur together in the toddler years as a 
consequence of normal child development.   
Detailed information regarding maternal perception and subsequent feeding 
practices is vital for nutrition educators and needs to be comprehensively 
communicated to mothers.  Practical information incorporated into national feeding 
guidelines has the potential to influence a range of outcomes - optimal growth and 
reduction of obesity risk, development of long-term healthy food preferences and 
sustain a trusting relationship between parent and child.  The conceptual model that 
has formed as a result of this literature review and is the basis of this thesis is shown 
in Figure 2.5.   
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Figure 2.5  Conceptual model describing the associations between child 
dietary intake, growth and behaviour with maternal feeding beliefs and 
practices 
All variables are subsequently defined in Chapter 3: Study Design and Methods 
Growth/ weight: Weight-for-age z-score32 change in WAZ32 from 4-7 months of age to 12-16 months 
of age, weight gain (kg per week) from 4-7 months of age to 12-16 months of age  
Dietary intake: on single 24-hour recall of whole sample - total intake (grams) which includes food 
and drink, gram intake of fruit, vegetables, meat/alternatives, meat/fish/chicken, dairy, cow’s milk, 
formula and breast milk, diversity score; full list of food group coding is provided in Appendix E 
Maternal feeding beliefs/perception: perception of child as a fussy eater, maternal perception of child 
weight status, concern about infant undereating or being underweight 
Maternal feeding practices8: awareness of infant’s hunger and satiety cues, feeding infant on a 
schedule, using food to calm infant’s fussiness 
Family 
phenotype 
Growth/ weight 
Dietary intake Maternal feeding 
practices 
Maternal feeding 
beliefs / perception 
Food refusal  
- familiar foods 
- unfamiliar foods 
Maternal weight 
status 
Covariates: 
Child gender                 
Child age 
Child temperament     
Maternal age                
Maternal education     
Breastfeeding status        
Maternal weight concern 
Family income 
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Chapter 3: Study Design and Methods 
3.1 RESEARCH DESIGN 
This is a descriptive cross-sectional study that aims to evaluate dietary intake 
and associations with maternal feeding beliefs and practices in first-born Australian 
children aged 12-16 months.  This thesis is a secondary analysis of data from mother-
child dyads participating in (1) the control group of NOURISH,69 a multi-site 
longitudinal RCT conducted by a research team at IHBI, QUT and Nutrition and 
Dietetics at Flinders University, and (2) first-time mothers participating in the South 
Australian Infants Dietary Intake (SAIDI) Study.  SAIDI used the same recruitment 
and data collection protocols and was conducted concurrently with NOURISH 
between 2008 and 2011.  The candidate participated as both a research officer and 
doctoral candidate in the intervention delivery and data collection for the NOURISH 
trial69 (section 3.1.3). 
3.1.1 Participants 
Data used in this thesis were from 332 first-time mothers of healthy children 
aged 12-16 months.  The sample consisted of 272 mother-child dyads from the 
NOURISH control group and 60 from SAIDI, living in Brisbane, Adelaide and rural 
South Australia.  This sample size is consistent with sub-groups in FITS 2008, which 
included 243 children aged 12-14.9 months and 251 children aged 15-17.9 
months.132  Recruitment for NOURISH and SAIDI will be described in detail in 
section 3.2.1 including a flow chart outlining how the sample for this thesis was 
obtained.  However, a brief overview of NOURISH and SAIDI is provided first, as 
well as details of the candidate’s individual contribution to the research team. 
3.1.1.1 NOURISH 
NOURISH was a RCT designed to evaluate an intervention promoting positive 
feeding practices to first-time mothers, with a range of outcomes including child 
weight, intake of fruit and vegetables and maternal feeding practices.  NOURISH 
was funded by the NH&MRC (ID 426704).  Professor Lynne Daniels, located at 
QUT in Brisbane, and Associate Professor Anthea Magarey at Flinders University in 
Adelaide, were chief investigators A and B, respectively.  They have supervised the 
 124 Chapter 3: Study Design and Methods 
candidate.  First-time mothers were selected to minimise exposure to nutrition 
information that may have been sought, and feeding practices established via the 
experience of feeding other children.  Detailed descriptions of recruitment and 
assessment have been published.69, 353 
Assessments and data collection occurred at four time points; at initial 
recruitment after the child’s birth; baseline assessment for the RCT when infants 
were age 4-7 months; and outcome assessments when children were age 12-16 
months and 24 months.  Additional assessments were undertaken with further 
NH&MRC funding at age 3.5 - 4 years and 5 years.  Following baseline assessment 
participants were randomised to one of two groups, active or control.  The active 
group received the NOURISH intervention69 – two modules each comprising six 
interactive group sessions conducted over three months, facilitated by a Dietitian and 
Psychologist.  These sessions provided mothers with anticipatory guidance on the 
‘when, what and how’ of solid feeding as well as healthy infant growth.  The first 
key theme was the development of healthy food preferences by repeated neutral 
exposure to unfamiliar foods and limiting exposure to unhealthy foods.  The second 
theme was ‘responsive feeding’ i.e. responding appropriately to infant cues of hunger 
and satiety, maintaining the child’s innate capacity to self-regulate energy intake.  
Therefore the active group was not included in the analysis for this thesis as it was 
anticipated these mothers would report different feeding beliefs and practices at time 
2, following their exposure to the NOURISH intervention, compared with the control 
group.354   
3.1.1.2 SAIDI 
During recruitment for NOURISH, the South Australian Department of Health 
contributed additional funding to collect further information on infant dietary intake 
and feeding practices in South Australia, i.e. the South Australian Infants Dietary 
Intake (SAIDI) Study.  SAIDI participants were recruited simultaneously and using 
the same protocol as NOURISH.  The exception was recruitment into SAIDI was 
open to all mothers, however only first-time mothers were included in the analysis 
for this thesis to be consistent with the NOURISH data set.  As with NOURISH, 
assessments were conducted at four time points - at the child’s birth, and then when 
children were aged 4-7 months, 12-16 months and 24 months.  
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3.1.2 Ethics 
Ethics approval for recruitment and data collection related to this thesis was 
embedded within the original NOURISH ethics application made in 2007.  Approval 
was obtained from a total of 11 human research ethics including the QUT University 
Human Research Ethics Committee (HREC), QUT Ethics Approval Number 
0700000752, Flinders University and the South Australian Government.  The HREC 
was informed of the candidate’s involvement with NOURISH.  This thesis is based 
on secondary data analysis and was assessed as meeting the conditions for exemption 
from HREC review and approval in accordance with section 5.1.22 of the National 
Statement on Ethical Conduct in Human Research (2007).355   
3.1.3 Individual contribution to the research team 
The candidate is an Accredited Practising Dietitian with experience working 
with families with children from birth through to primary school age.  She 
commenced her part-time candidature with the NOURISH team, located at QUT, in 
February 2008.  She has contributed to NOURISH through questionnaire 
development, baseline and outcome assessment of participants, collection of 
anthropometric and dietary data, data coding and cleaning.  The candidate has been 
involved in the activities outlined in section 3.2, collecting anthropometric and 
dietary data on Brisbane NOURISH participants at each time point during the 
longitudinal study for both active and control groups, as well as data entry and data 
cleaning.  Three questionnaires were designed by the NOURISH team to collect 
information about demographics, maternal feeding practices and child feeding 
behaviour.  The candidate actively participated in developing the content and format 
of the NOURISH questionnaires, particularly sections addressing breastfeeding, 
fussy eating, food allergies and intolerances, as these are areas of professional 
interest.  In addition, she delivered the NOURISH intervention sessions to 
participants in the active group, providing anticipatory guidance to mothers regarding 
early feeding practices.   
The candidate has participated in weekly meetings at QUT, providing peer 
support to PhD students within the NOURISH team and has supervised four 
undergraduate nutrition and dietetic students undergoing research placements at IHBI 
that utilised NOURISH data.  She has collaborated with the research team on a 
number of publications, noted at the beginning of the thesis.  Other activities, 
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including media coverage of this research and professional development, are listed in 
Appendix B.  The candidature included a period of maternity leave. 
3.2 PROCEDURE AND DATA COLLECTION 
Three assessment time points were relevant to this thesis; initial recruitment 
after the child’s birth; baseline assessment when infants were age 4-7 months; and 
then when children were age 12-16 months.  Key variables used for the analyses – 
child weight, maternal feeding beliefs and practices and dietary intake data were 
collected at age 12-16 months, between June 2009 and April 2010.  Data collected at 
birth and baseline were primarily used as covariates.  Recruitment and data collection 
is described here.   
3.2.1 Recruitment into NOURISH and SAIDI 
Recruitment was a two-phase process, recruit one – consent for later contact, 
and recruit two – full enrolment.  
3.2.1.1 Recruit one 
The target population for NOURISH was all first-time mothers delivering at 
the major public maternity hospitals in Brisbane and Adelaide.353  Mothers with more 
than one child were eligible to participate in SAIDI and were recruited from both 
metropolitan and selected regional South Australian hospitals.  In Adelaide, all first-
time mothers were offered enrolment in NOURISH, and then SAIDI if they declined 
the former.   
The hospitals were chosen to provide a broad demographic profile.  
Recruitment occurred in two cohorts with cohort 1 of NOURISH completed between 
February and May 2008, and SAIDI and cohort 2 of NOURISH between September 
2008 and March 2009.  Using consecutive sampling, mothers were approached 
within seven days of the child’s birth by trained midwives or study staff for consent 
to be recontacted regarding full enrolment in the study when their infant was 4-7 
months. Written consent, contact details and demographic data were collected.   
Child birth weight was recorded from hospital records. 
3.2.1.2 Recruit two and baseline assessment at age 4-7 months 
Consenting ‘recruit one’ mothers were contacted approximately three months 
later by letter inviting them to participate in an assessment session when infants were 
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age 4-7 months.  For cohort 1 this was during August and September 2008 and for 
SAIDI and cohort 2, February-August 2009.  The letter included the detailed 
participant information sheet and provided details of child health clinic sites in their 
area being used as venues for assessments.  Mothers were asked to return a form 
indicating their preference for site, day and time to attend the first assessment 
session.  At least three attempts were made by telephone or email to contact mothers 
who did not respond to the mail-out.  
Based on venue preference, participants were mailed a confirmation letter with 
the appointment time, venue and parking details and the first NOURISH/SAIDI 
questionnaire to complete at home, and give to staff when attending the assessment 
session.  Questionnaires were labelled with the participants ‘subject identification 
number’ only.  At the assessment session, eligibility was re-confirmed ( 
Table 3.1) and written consent obtained to participate in the full study.  
Baseline assessment of anthropometry was undertaken at this session ( 
 
Table 3.2), using standard measurement protocols.  Researchers (including the 
candidate) underwent training in the use of these protocols.  SAIDI participants in 
regional areas were requested to visit their child health nurse (CHN) or general 
practitioner (GP) to have the infant weighed and measured.  
Table 3.1 Eligibility criteria for participation in NOURISH and SAIDI 
 Inclusion criteria Exclusion criteria 
Child Born healthy, ≥35 weeks, ≥2500g Diagnosed congenital abnormality or 
chronic condition likely to influence 
normal development, including feeding 
behaviour 
Mother First-time mothera, ≥18years, willing 
and able to attend sessions at 
designated child health clinics and 
facility with English 
Eligible/enrolled in intensive home-
visiting program; maternal self-reported 
eating disorder/psychiatric 
disorder/mental health problem 
aMultiparous eligible for SAIDI - only first-time mothers included in thesis sample 
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Table 3.2 Measurement protocols for mother-child dyads at anthropometric 
assessment 
Child Weight (kg) Child weighed twice, lying or sitting on electronic infant scales 
with no clothes on except a singlet, and without a nappy, to the 
nearest 10g.  A third measurement was taken if the first two 
differed by more than 50g 
Mother Weight (kg) Measured once to the nearest 10g, adult standing on electronic 
scales on a hard, flat surface, with no shoes and light clothing 
Height (m) Measured once using a stadiometer, to the nearest 1.0 cm 
Child length measured but not used for primary analyses within thesis sample 
 
Following baseline assessment, NOURISH participants were randomised, 
independent of the research team, to one of two groups, Active (n= 352): to receive 
the NOURISH intervention or Control (n= 346): ‘usual services’ i.e. self-directed 
access to universal services at child health clinics in Brisbane or Adelaide.  This 
could include ‘drop-in’ sessions for child weighing, individual appointments with a 
CHN or access to information via a website or telephone helpline.  Randomisation 
was stratified by assessment clinic to minimise cluster effects.  SAIDI participants 
had self-directed access to universal services at child health clinics. 
3.2.2 Assessment at age 12-16 months  
Nine months after baseline assessment, participants were again contacted by 
letter.  Mothers were asked to register for an assessment session (at a clinic site in 
their geographic area) when children were 12-16 months of age.  Again, at least three 
attempts were made by telephone, email, and text messaging to contact mothers who 
did not respond to the mail-out. Participants were then mailed a confirmation letter 
with an appointment time and the second questionnaire to complete at home and give 
to study staff when attending their assessment. 
3.2.2.1 Anthropometric measurements 
The NOURISH team, including the candidate, conducted the study-specific 
assessment sessions during which anthropometric measurements were taken.  These 
protocols are described in  
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Table 3.2.  Any change to the protocol was noted, for example if the parent did 
not wish to remove the child’s clothing or the child was unco-operative. The 
measurements were recorded by the staff member on the back of the participant’s 
questionnaire.  Participants in regional South Australia visited their local CHN or GP 
for measurement and information returned by mail to the Adelaide team.   
3.2.2.2 Assessment of feeding beliefs and practices using self-administered 
questionnaire 
As at baseline, date and time of assessment was confirmed and participants 
were mailed the second NOURISH/SAIDI questionnaire, to complete at home and 
return when attending their appointment (or via reply-paid envelope).  Some sections 
of the questionnaires were adapted from validated instruments8 used to assess 
feeding beliefs regarding undereating and underweight and feeding practices, while 
others were developed by the NOURISH team.2  A description of the items relevant 
to this thesis is provided in the analysis plan (section 3.4) and copies of questionnaire 
sections are included in appendix C. 
3.2.2.3 24-hour dietary recall 
Mothers were contacted by telephone within two weeks of their assessment to 
complete a single 24-hour recall of the child’s intake.  The phone call was 
unannounced, but concurred with mothers recorded preference for days and times 
(including evenings or on weekends).  Dietitians, including the candidate, trained in 
the standard protocol completed the recalls.  Participants were not aware that the 
caller was a Dietitian.     
The recall used a standardised 3-pass protocol356 to match that used in FITS357 
and other studies.358  The mother was asked to recall everything her child ate or 
drank in the previous 24 hours, starting from midnight on the previous day.  
Quantities were estimated using household measures (metric cup, tablespoon and 
teaspoon).  A visual aide to assist with serve size estimation – an A4 sheet showing 
images of metric cup sizes and actual size illustrations of tablespoon and teaspoon 
measures - had been mailed with the questionnaire (Appendix D).  Each mother was 
also given a booklet, to enable a carer to record the child’s intake such that the 
mother could report it, if a recall was collected the following day. 
 130 Chapter 3: Study Design and Methods 
 Information reported by the mother was recorded on a standard electronic 
spread sheet (appendix D) with pass one recording time of eating occasion and food 
consumed and pass two collecting detailed information on each item.  On pass three, 
the staff member read out all information collected verbatim to the participant to 
confirm the details collected.  For dishes prepared at home mother was asked to 
provide the recipe with ingredient quantities, and the amount her child consumed.  
For breastfed infants, mothers estimated the duration of a breastfeed in which the 
child was actively feeding or intake in ml for expressed breast milk.  At the 
conclusion of the interview mothers were asked to describe whether the child’s 
reported intake represented ‘usual intake’, ‘more than usual’ or ‘less than usual’ and 
any reason why e.g. illness.   
3.2.3 Selection of the thesis sample 
Figure 3.1 is a flow chart showing the selection of NOURISH (n=272) and 
SAIDI (n=60) participants for analysis within this thesis, resulting in a sample size of 
N=332.  These participants provided a full data set i.e. anthropometric assessment, 
completed questionnaire and 24-hour dietary recall.  Participant characteristics are 
then described in Table 3.3 and Table 3.4.  A description of how these variables were 
derived and used in data analyses will follow in section 3.4.  Since this thesis was 
based on secondary data analysis, sample size calculations are not conducted.  A 
sample of >200 participants is appropriate for the structural equation modelling359 
described in section 3.4.2.3 and chapter six. 
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Figure 3.1. Selection of NOURISH and SAIDI participants for secondary data 
analysis within this thesis 
N= 332 analysed for this thesis
Complete questionnaire, anthropometric data 
and 24-hour recall n= 272
Complete questionnaire, anthropometric data 
and 24-hour recall n= 60 
Assessed at age 12-16 months
NOURISH n= 293 - completed questionnaire 
and anthropometric data n= 276
SAIDI n= 225 - first-time mothers n= 68
Recruit two Consented to participate and completed baseline assessment
NOURISH n= 698 - allocated to control group 
n= 346
SAIDI n= 289
Recruit one Consented to later contact 
NOURISH n= 2169 SAIDI n= 797
Eligible
NOURISH n= 3334 SAIDI n= 915
Mother-child dyads screened for eligibility in hospital
NOURISH n= 4376 SAIDI Unknown
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Table 3.3 Demographic and anthropometric characteristics of toddlers in the thesis sample 
 Total sample (N=332) NOURISH (n=272) SAIDI (n=60) 
Male gender, %(n) 49(165) 51(137) 47(28) 
 Mean (sd) Range Mean (sd) Range Mean (sd) Range 
Birth weight (kg) 3.5 (0.4) 2.5-4.7 3.5 (0.43) 2.5-4.7 3.5 (0.46) 2.5-4.3 
Age (months) 13.8 (1.3)  11.1-18.0 13.7 (1.3) 11.1- 17.4 Median 13.9 12.6-18.0 
Weight (kg) 10.4 (1.2) 7.6-14.4 10.5 (1.2) 7.7- 14.4 10.3 (1.2) 7.6-13.8 
WAZ 0.58(0.86) -1.6-2.9 0.62 (0.83) -1.6-2.9 0.43(0.97) -1.6-2.9 
Change WAZ  0.60 (0.70) -1.5-2.76 0.62 (0.69) -1.50-2.76 0.49 (0.76) -1.25-2.7 
Weight gain (kg/wk)  0.09 (0.02) 0.02-0.15 0.09 (0.02) 0.02-0.14 0.08 (0.02) 0.03-0.15 
Weight-for-age z-score calculated using WHO Anthro (2008)32 
Change in WAZ from baseline assessment at 4-7 months of age to second assessment at 12-16 months of age; and weight gain (kg per week) from baseline assessment at 4-7 
months of age to second assessment at 12-16 months of age: total sample, n=329; NOURISH, n=272; SAIDI, n=57, due to missing data 
Rapid weight gain from baseline assessment at 4-7 months of age to second assessment at 12-16 months of age i.e. WAZ>0.67: 46% (n=154) children in total sample 
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Table 3.4 Demographic and anthropometric characteristics of mothers in the thesis sample 
 Total sample (N=332) NOURISH (n=272) SAIDI (n=60) 
 Mean (sd) Range Mean (sd) Range Mean (sd) Range 
Maternal age at child’s birth (years)  30.3 (5.0)  18-46 30.4 (5.0)  18-46 29.9 (5.5)  19-43 
BMI (kg/m2) at baseline assessment  25 16.8-49.8 25 16.9 – 45.9 25  16.8 – 49.8 
 % (n)                                                           % (n)                                                           % (n)                                                           
Maternal education                                                            University 58(193) 63(170) 38(23) 
Less than Year 12,Year 12,Trade/TAFE 42(139) 37(102) 62(37) 
Annual family income       Missing 3(11) 4(10) 2(1) 
 Low-mid ≤70,000 $AUD 37(122) 33(91) 52(31) 
        High ≥70,001 $AUD 60(199) 63(171) 46(28) 
Maternal age: n= 330 total sample (n=272 NOURISH, n=58 SAIDI) due to missing data 
BMI: median presented, n= 322 total sample (n= 271 NOURISH, n= 51 SAIDI) due to missing data 
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3.3 DATA ENTRY 
Anthropometric data and questionnaire responses were double entered into an 
Access 2007 database by the NOURISH team.  To ensure consistency, issues 
regarding data entry were resolved in team meetings dedicated to data management.  
The entries were cross-checked and any errors rectified prior to export into SPSS - 
cleaning and export to SPSS were done by a single research officer in Brisbane to 
ensure integrity of the large amount of data.   
3.3.1 Dietary intake data 
Data from 24-hour recalls was entered into FoodWorks 2009 (version 
6.0.2562).  The candidate contributed to data entry across all study time points i.e. 
from baseline, to follow-up at age five.  Three Dietitians (including the candidate) 
completed data entry for over 90% of the recalls conducted at 12-16 months.  One of 
these Dietitians – a research officer based in Adelaide - had sole responsibility for 
maintaining a coding decisions document, updated weekly, to ensure consistent entry 
of items across the team. 
FoodWorks 2009 utilised the then current AusNut 2007 database, to provide 
the daily intake of key nutrients – energy, fat, protein, iron, and calcium – for an 
individual.  As this database includes a limited number of commercial infant 
products, an additional NOURISH database containing information on these products 
was created.  Nutrient information was sourced direct from manufacturers, from 
websites, or using nutrient information panels on products.   
Infant, follow-on and toddler formula 
An extensive list of formula products were added to the NOURISH foods 
database, including infant, follow-on and toddler formulas.  Three options were 
available to the Dietitian within FoodWorks, (1)‘“Formula name” (LIQUID)’, 
representing the nutrient profile of the formula made using standard preparation i.e. 
using the scoop provided and the instructions on the tin, (2)‘“Formula name” 
(POWDER)’ and (3)‘water added to formula’, to distinguish between water 
consumed as plain water versus water added to formula powder during subsequent 
data analysis.  The choice entered into FoodWorks depended on the information 
recorded during the recall.  If the mother made up the formula using standard 
preparation then the child’s intake was entered using ‘“Formula name” (LIQUID)’ 
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and the amount in millilitres.  If the ratio was different, then the powder option was 
entered followed by the amount of water.  If the child did not consume the full made-
up volume, then the proportion of formula powder and water consumed was 
calculated and entered.  
Breast milk 
The default measure for breast milk in FoodWorks is “minutes”.  Mothers were 
asked in the 24-hour recall the duration of a breastfeed in which the child was 
actively feeding.  This information was entered into FoodWorks utilising the 
methods of the Human Lactation Research Group at the University of Western 
Australia.207, 208  Duration of a breastfeed was entered to a maximum of ten minutes 
per feed.  Any feeds longer than ten minutes were rounded down as milk transfer 
from the breast after this duration is considered too slow to contribute significantly to 
nutrient intake in this age group.  If a second breast feed started within 30 minutes of 
the start of the previous feed it was not considered a new feed and the time added to 
the previous feed up to a maximum of 10 minutes.  Similarly breastfeeds of less than 
two minutes were not considered long enough to contribute to nutrient intake and as 
such, were not entered as food intake in FoodWorks.  The child was assumed to take 
10g milk per minute from the breast with breast milk providing 2.8kJ/g.71  Expressed 
breast milk was entered in the appropriate measure (ml, tablespoons, or teaspoons) 
according to the mother’s report. 
Mixed dishes 
Mixed dishes prepared at home were added to FoodWorks using the recipe 
function.  However if the proportion of a recipe that the child ate could be calculated, 
then the foods were entered as separate items directly into the child’s FoodWorks 
file.  This was possible where the foods eaten were a simple mixture of 2-5 food 
items and the recipe yield and quantity of each ingredient eaten was easy to calculate, 
for example, two tablespoons pumpkin and two tablespoons potato mashed together 
– child ate 3 tablespoons.  
3.3.1.1 Data cleaning 
Prior to export of dietary data into SPSS for analysis, data were cleaned 
according to a documented protocol, by the candidate and two other research 
Dietitians.  For each participant, the FoodWorks file was checked, ensuring that: 
- the participant identification number was entered correctly 
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- there was a valid date entered (including year) for the food recall 
- the times for the meals were entered in 24-hour clock and were in 
chronological order, and that there appeared to be a full day of meals entered 
- the quantity of each food appeared reasonable and not excessive given the age 
of the child, e.g. 90 tubs of yoghurt, instead of 90g  
- any notes regarding assumptions made during original data entry made sense 
(referring back to original food recall as required) 
- recalls that produced very high or very low estimates of daily energy intake 
were rechecked and any errors corrected, to ensure the quality of the data.  
With consideration to the range of energy intakes reported within this sample, 
any children with energy intakes below 3000kJ or above 6000kJ were checked 
against the original recall. 
The food recall data were exported from FoodWorks by A/Prof Magarey, into 
an Access database and merged with an eight digit food group code, the ‘food survey 
ID’.  These eight digit codes allow identification of each unique food, and are 
available from Food Standards Australia New Zealand (FSANZ) for all items in the 
AUSNUT 2007 database.360  Foods within the NOURISH database were allocated a 
food survey ID within the ‘32 group – Infant foods’ and commercial infant foods 
with mixed ingredients were allocated an ID based on the predominant ingredient.  
Similarly, recipes used by participants were entered into FoodWorks, the proportion 
of ingredients determined and an ID allocated.  For example a beef and vegetable 
casserole consisting of 66% beef, 16% vegetables, 10% water, 4% sugar and 4% fat, 
was allocated a code within the ‘18 group – Meat and chicken’  This Access database 
was imported into SPSS 19.0 for analysis. 
3.4 ANALYSIS PLAN 
3.4.1 Measurements 
The conceptual model (Figure 2.5) contains four key categories of variables: 
child characteristics, maternal feeding beliefs, maternal feeding practices and 
covariates.  The method used to derive each of the variables that represent these 
components is described in this section. 
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3.4.1.1 Child characteristics 
Growth 
Growth in childhood is defined in a number of ways in the literature.11  The 
three options examined in this thesis, weight-for-age z-score, change in weight-for-
age z-score and weight gain (kg/week) are described in Table 3.5. 
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Table 3.5 Source of data used to derive measures of child growth  
Independent variable Rationale and description Treated as… 
Weight-for-age z-score Weight-for-age z-score reflects body weight relative to the child’s age on a given day10 and is used in clinical 
assessment to determine if a child is underweight.  Weight-for-age z-score (WAZ) was analysed in this thesis 
consistent with the focus on relative child weight and maternal perception of undereating and underweight. 
Child weight measured at the second assessment (age 12-16 months), was used to derive weight-for-age z-
scores using WHO Anthro (2008).  Z-scores were exported into SPSS 19.0 for analysis. 
Continuous 
Change in weight-for-
age z-score 
Rapid weight gain is defined as a change in WAZ >0.67, which is equivalent to the width of a percentile band 
on infant growth charts 25. 
Change in weight-for-age z-score (ΔWAZ) was calculated using the difference between WAZ at baseline 
assessment (infant between 4-7months of age) and WAZ when children were 12-16 months of age.   
Continuous 
Weight gain (kg/week) Weight gain per week is a crude measure as it does not take into account other important factors such as age 
and change in length.  However it is included here because it is commonly used in the community as a 
measure of a child’s “progress” as discussed in section 2.4.3 of the literature review. 
Weight gain (kg/week) was calculated by [child weight (kg) at age 12-16 months minus child weight (kg) at 
baseline assessment] divided by number of weeks between the two assessments.   
Continuous 
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Dietary intake 
Defining food groups 
Following export of dietary data from FoodWorks into SPSS 19.0 food and 
beverages were aggregated into ten ‘food groups’ by the candidate, based on their 
eight digit FSANZ codes.  Food groups include both foods and beverages.  Five core 
food groups were defined for the thesis - fruit, vegetables, meat & alternatives, 
cereals, and dairy & alternatives (including cow’s milk), as well as an additional five 
groups - unsaturated fats & oils, discretionary choices & sweet beverages, cow’s 
milk, breast milk and formula.  A full list of foods and their groupings is provided in 
appendix E.  The candidate allocated foods to their groupings based on definitions 
used in the 2013 Australian Guide to Health Eating9 and the modelling guide used to 
inform the revision of the AGTHE,95 with consideration to the age of children in this 
sample.  Juice was classified within the ‘sweet beverage’ category rather than as a 
‘fruit’ given the link between higher intake of fruit juice and negative health 
consequences in toddlers.189-192  In addition, infant feeding guidelines advise that 
children over 12 months of age be offered water or milk as drinks in preference to 
juice, and juice being limited to less to 120-180ml per day.36, 94  Similar classification 
was also used in the analysis of the Perth Infant Feeding Study II.3  Total intake 
(grams) on 24-hour recall (including food and drink) was also calculated for each 
individual child. 
Diversity Score 
A diversity score was calculated for each child within the sample.  Diversity 
score is a simple tally of the number of core food groups consumed by the child on 
24-hour recall i.e. fruit, vegetables, meat & alternatives, cereal, and dairy & 
alternatives, giving a potential score from 0-5.  These food groups were chosen 
consistent with the second Australian Dietary Guideline,36 recommending that by 
twelve months of age children should “enjoy a wide variety of nutritious foods from 
these five food groups each day”. 
Food refusal 
Child eating behaviour was conceptualised with the model (Figure 2.5) as food 
refusal, 1. refusal of familiar foods, the manifestation of satiety and self-regulation of 
energy intake, and 2. refusal of unfamiliar foods i.e. neophobia.  Questions regarding 
food refusal had previously been piloted2 and were included in the questionnaire that 
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mothers completed at their second assessment (section 3.2.2.2 and appendix C).  
These questions and the variables derived for use in the analyses are shown in Table 
3.6.  
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Table 3.6 Questionnaire items used to derive measures of child food refusal 
Questionnaire item Questionnaire response Derived independent variable (treated as categorical) 
How often does your child refuse 
food? 
Very often, often, sometimes, 
hardly ever 
How often does your child refuse food? Not often, Often 
Responses dichotomised, very often and often combined to ‘often’; sometimes 
and hardly ever combined to ‘not often’ 
Does your child ever refuse food 
they usually eat? 
 
Hardly ever; yes Does your child ever refuse food they usually eat? Hardly ever, Yes 
How willing is your child to eat 
unfamiliar foods? 
Very willing, willing, neutral, 
unwilling or very unwilling 
How willing is your child to eat unfamiliar foods? Willing, unwilling 
Responses dichotomised, very willing and willing combined to ‘willing’; 
neutral, unwilling and very unwilling combined to ‘unwilling’ 
Who decides how much food your 
child eats – you or your child?  
 
You only, mostly you, you and your 
child equally, mostly your child, 
your child only 
Child decides amount of food eaten; No, Yes  
Responses dichotomised, you only, mostly you, you and your child equally to 
‘no’; mostly your child and your child only to ‘yes’ 
 Chapter 3:Study Design and Methods 142 
3.4.1.2 Maternal feeding beliefs 
Three feeding beliefs were defined, chosen to reflect common concerns cited 
by mothers in the community such as fussy eating, a child not eating the amount or 
types of food that mother thinks is appropriate, fear that the child is not eating 
enough for normal development,6 or a belief about the child’s weight (which may or 
may not be accurate) such as not putting on enough weight:   
1. Perception of child as a fussy eater; 
2. Maternal perception of child weight status, and; 
3. Concern about undereating or becoming underweight.  
Table 3.7 outlines the questionnaire items used to derive the variables 
representing the three maternal feeding beliefs.  Concern about undereating or 
becoming underweight was derived from the questionnaire section labelled ‘Feeding 
your child’, which contained the 20 item Infant Feeding Questionnaire (IFQ).8  The 
original IFQ is a retrospective maternal self-report of feeding beliefs and practices 
during their infant’s first 12 months of life.  For NOURISH and SAIDI 
questionnaires, wording was modified to the present tense to assess current beliefs 
and practices, and minor word changes made to suit an Australian sample e.g. 
fussiness became “being unsettled”.  Items within the IFQ8 are rated on a five point 
likert scale, 1 - never; 2 – rarely; 3 – sometimes; 4 – often; 5 – always.  As such, 
higher factor scores imply a ‘stronger’ belief or use of that practice.   
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Table 3.7 Questionnaire items used to derive measures of maternal feeding beliefs 
Questionnaire item Questionnaire response Derived dependent variable  
Do you think your child is a picky or 
fussy eater? 
Very picky, somewhat picky, not picky or 
not sure 
Perception of child as a fussy eater; Not fussy, Fussy 
Responses dichotomised – very picky and somewhat picky 
combined to ‘fussy’; not picky and not sure combined to ‘not 
fussy’- similar to FITS 261. 
‘Do you think your child is...?’  Underweight, normal weight, somewhat 
overweight, very overweight or don’t 
know 
Maternal perception of child weight status; Underweight, 
Normal weight, Overweight 
‘Somewhat overweight’ and ‘very overweight’ combined to 
‘overweight’.  ‘Don’t know’ excluded due to small response.  
Do you worry that your child is not 
feeding enough? 
Four questions make up the factor 
‘concern about infant under-eating or 
becoming underweight from the IFQ8.  
Response to each question measured on 
five point likert scale, 1 - never; 2 – rarely; 
3 – sometimes; 4 – often; 5 – always 
Concern about undereating or becoming underweight; mean 
factor score 
Higher factor score implies higher concern Is it a struggle to get your child to feed? 
If I did not encourage my child to feed, 
then s/he would not eat enough 
I am worried that my child will become 
underweight 
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3.4.1.3 Maternal feeding practices 
The Infant Feeding Questionnaire (IFQ)8 was also used to define three feeding 
practices.  Derivation of variables is shown in Table 3.8.  Further descriptive data 
regarding mothers’ response to food refusal was collated using questions described in 
Table 3.9. 
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Table 3.8 Questionnaire items used to derive measures of maternal feeding practices using factors from the IFQ8 
Questionnaire item Questionnaire response Derived dependent variable  
I know when my child is hungry Four questions make up the factor 
‘awareness of infant’s hunger and satiety 
cues’.  Response to each question is 
measured on a five point likert scale, 1 - 
never; 2 – rarely; 3 – sometimes; 4 – 
often; 5 – always 
Awareness of infant’s hunger and satiety cues; mean factor 
score 
Rationale: used as a proxy for monitoring 
I know when my child is full 
My child knows when he/she is hungry 
My child knows when he/she is full 
Do you let your child feed whenever s/he 
want to? (reverse scored) 
Two questions make up the factor ‘feeding 
infant on a schedule’.  Response to each 
question is measured on a five point likert 
scale, 1 - never; 2 – rarely; 3 – sometimes; 
4 – often; 5 – always 
Feeding infant on a schedule; mean factor score 
Rationale: used a proxy for ‘control’ 
Do you only allow your child to feed at 
set times? 
When your child gets upset, is feeding 
him/her the first thing you do? 
Two questions make up the factor ‘using 
food to calm infant’s fussiness’ Response 
to each question is measured on a five 
point likert scale, 1 - never; 2 – rarely; 3 – 
sometimes; 4 – often; 5 – always 
Using food to calm infant’s fussiness; mean factor score 
Rationale:  use of food as a reward, or to shape behaviour may 
interfere with child’s internal cues of hunger and satiety Feeding my child is the best was to stop 
him/her being unsettled 
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Table 3.9 Questionnaire items used to measure use of specific feeding 
strategies in response to food refusal2 
Questionnaire item Questionnaire response 
 Participants who answered yes to ‘does your child ever refuse food they usually eat?’ 
were directed to answer: When your child refuses food they usually eat, do you...?  
Insist your child eats it All nine items rated individually - 
never, not often, sometimes, often, 
most of the time Offer a milk drink instead 
Offer another food/s that s/he usually likes  
Encourage to eat by turning mealtime into a game 
e.g. pretending loaded spoon is an aeroplane 
 
Encourage to eat by offering a food reward e.g. 
dessert 
 
Encourage to eat by offering a reward other than 
food 
 
Offer no food until next meal or snack time  
Accept that your child may not be hungry and 
take the food away 
 
Punish your child in some way   
How do you respond it your child refuses a food that they have not tried before?  
Assume your child doesn’t like it and not offer 
again 
Never, not often, sometimes, often 
Next time, mix it with other foods and disguise it Never, not often, sometimes, often 
Offer this food again, with another food my child 
likes 
Never, not often, sometimes, often 
How often is your child offered unfamiliar foods? Very often, often, sometimes, almost 
never or never 
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3.4.1.4 Covariates 
A range of covariates were assessed for their relationship with maternal 
feeding beliefs.  These variables are described in Table 3.10. 
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Table 3.10 Source of data used for covariates in statistical analyses  
Variable Source of data and description Treated as… 
Child gender Obtained from hospital records at initial recruitment  Categorical 
Child birth weight (kg) Obtained from hospital records at initial recruitment Continuous 
Child age (months) Calculated using time between date of child’s birth (obtained from hospital records at initial recruitment) 
and date of second assessment which occurred between 12 and 16 months of age 
Continuous 
Score on the ‘Brief 
Temperament Scale’361  
 
Self-administered questionnaire at baseline assessment included the 12-item Brief Temperament Scale to 
assess child temperament.  Chosen for NOURISH and SAIDI consistent with LSAC 361 and measures 
three dimensions - approach, cooperation and irritability.  Temperament is a stable characteristic, with a 
genetic basis, hence it is appropriate to use measurement at baseline.  Items measured on a 6-point scale 
from ‘almost never’ to ‘almost always’ with high scores related to greater approach, cooperation and 
irritability.  Items in approach and cooperation reverse coded and mean of three dimensions calculated → 
easy-difficult continuous score.  Calculated for 87% of children in the thesis sample (n= 290), due to 
missing data at baseline; mean(sd)= 2.4 (0.59); Cronbach’s alpha = 0.55, indicating poor reliability 
Continuous 
Maternal age at child’s 
birth (years) 
Obtained from hospital records at initial recruitment Continuous 
Maternal BMI (kg/m2) Maternal weight status: BMI calculated using height and weight measured at baseline assessment.  At the 
time of the second assessment when children were 12-16 months of age, 50% of mothers in the sample 
were pregnant, making BMI measurement at that time point invalid 
 
Continuous 
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Variable Source of data and description Treated as… 
Maternal education    Maternal education used as a proxy for socioeconomic status.  Proportion of mothers reporting each 
category at initial recruitment, university education, TAFE, trade, year 12 or less than year12, 
dichotomised to university education versus no university education (all other categories combined) 
Categorical 
Maternal breastfeeding 
status 
Current breastfeeding status, Yes/ No, i.e. whether child received any breastmilk on 24-hour recall Categorical 
Mother’s own ‘Weight 
concern score’ (WCS)347 
In the NOURISH questionnaire only, WCS was used to assess maternal perceptions regarding her own 
weight gain, body weight and shape when children were aged 12-16 months.  It consists of five questions 
assessing fear of weight gain, worry over weight and body shape, importance of weight, diet history, and 
perceived fatness.  Originally developed for use in adolescent girls on a scale 0-100, scores above 52 are 
associated with an increased risk of developing an eating disorder within four years.347  The WCS has 
been used in adult women362, 363 to examine associations between maternal weight concern and feeding 
practices.364, 365  Investigated as a covariate in participants derived from the NOURISH sample only 
Continuous 
Annual family income 
($AUD)  
Proportion of mothers reporting each category on self-administered questionnaire when children were 
aged 12-16 months, $AUD 0-20000, 20001-35000, 35001-50000, 50001-70000, 70001-100000, more 
than 100000, dichotomised to ‘low-mid income’ $AUD 0-70000, and  ‘high income’ ≥$AUD70001  
Categorical 
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3.4.2 Data analysis 
This section contains a description of the analyses that were conducted to 
address each thesis aim and research question.  Statistical analysis was completed by 
the candidate using SPSS v19.0.  Normality of distribution of each variable was 
assessed by determining whether mean and median were within 10%, if mean ± 3SD 
approximated the minimum and maximum values and by considering skewness and 
kurtosis, box and whisker plots and histograms.  Mean and standard deviation are 
presented if data are normally distributed, otherwise median and interquartile range 
given.  A significance level of p<0.05 was chosen, consistent with most research 
publications. 
3.4.2.1 Analysis addressing first aim of thesis: Describe and evaluate the 
food and nutrient intake of first-born Australian children aged 12-16 
months 
One day of intake per person is a valid analytic approach for group level 
estimates132, 366 of food and beverage intake.  Research questions one to four, and 
relevant analyses are shown in Table 3.11.  Results are presented in chapter four. 
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Table 3.11 Research questions one to four and relevant statistical analyses, which describe and evaluate food and nutrient intake 
using 24-hour recall 
Research question Data analysis Results are presented in chapter four 
1. What are the daily intakes of the five core 
food groups - fruit, vegetables, meat& 
alternatives, cereals, and dairy & alternatives 
(measured in grams/day and contribution to 
energy intake) – as well as unsaturated fats 
& oils, and discretionary choices including 
sweet beverages? 
 % consuming any fruit, vegetables, meat/alternatives, cereal, dairy/alternatives, unsaturated fats and 
oils, discretionary choices, or sweet beverages  
 Mean(sd) intake (g/day) of each food group for whole sample and for consumers only 
 % energy intake derived from each food group for whole sample and for consumers only 
 Energy density (kJ/gram) of core foods (fruit, vegetables, meat/alternatives, cereal, dairy/alternatives, 
combined), discretionary choices and sweet beverages 
 Three most commonly consumed items in each food group 
2. What are the daily intakes of cow’s milk, 
breast milk and formula (measured in 
grams/day and contribution to energy intake) 
and is there an association with dietary 
diversity? 
 % consuming any cow’s milk, breast milk or formula  
 Mean(sd) intake (g/day) and %EEI, each milk type, consumers only 
 Mean diversity score (sd) for the sample, and proportion of children with each score, 0-5 
Kruskal-Wallis test: compare intake of milks (g/day and %EEI) by category of diversity score, Jonckheere’s 
test to assess linear relationship.  If significant bivariate relationship, multinomial regression performed, 
dependant variable: diversity, independent variable: ‘milk’ intake, adjusting for covariates - child age, 
maternal age at child’s birth, maternal education and family income.  
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Research question Data analysis Results are presented in chapter four 
3. What are the daily intakes of key nutrients 
and how do these compare to the relevant 
Australian Nutrient Reference Values?  
 Mean(sd) intake of energy (kJ), protein (g), fat (g), iron (mg) and calcium (mg) 
 Mean energy (kJ) and protein (g) per kg body weight 
 Nutrient density (mg/1000kJ) for iron and calcium  
 % exceeding their estimated energy requirement (EER) 
 Proportion by which children are exceeding their EER: Estimated energy requirement was calculated 
for each child using the equation [(89 x weight(kg) –100) + 85kJ/day for growth], as per the NRVs 
71(page 17).  Proportion by which children are exceeding their EER, was calculated for an individual 
[(EI – EER) ÷ EER × 100].  Descriptive statistics for the sample (mean/median) could then be derived. 
Children with EEI < 3000kJ or > 6000kJ cross-checked with mother’s response to whether reported intake 
represented ‘usual intake’, ‘more than usual’ or ‘less than usual’ (dietary data cleaning protocol, section 
3.3.1.1) 
4. Is there an association between weight 
gain (from 4-7 to 12-16 months of age) and 
energy intake, particularly the contribution 
of discretionary choices and sweetened 
beverages? 
The intention was to perform correlation tests to examine the relationship between each measure of growth - 
weight-for-age z-score, change in weight-for-age z-score and weight gain (kg/week) - and a) total energy 
intake (kJ), b) intake of discretionary choices (g/day); c) percentage of total energy intake derived from 
discretionary items; d) intake of sweet beverages (g/day); and e) percentage of total energy intake derived 
from sweet beverages.  On analysis, intake of sweet beverages was so low that discretionary choices and 
sweet beverages were combined to form one food group ‘discretionary food and beverage’.  Therefore nine 
correlation tests were performed, to examine the relationships between the three measures of growth and 1) 
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total energy intake (kJ), 2) intake of ‘discretionary food and beverage’ (g/day); 3) % total energy intake 
derived from ‘discretionary food and beverage’.  Pearson’s or Spearman’s correlation coefficients were 
calculated, depending on distribution of variables 
A full list of food group coding is provided in Appendix E 
Diversity score from 0-5 representing number of different food core groups (fruit, vegetables, dairy, cereal, and meat/alternatives) consumed on 24-hour recall  
Weight-for-age z-score calculated using WHO Anthro 32 
Change in weight-for-age z-score from baseline assessment at  4-7 months of age to second assessment at 12-16 months of age 
Weight gain (kg per week) from baseline assessment at  4-7 months of age to second assessment at 12-16 months of age 
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3.4.2.2 Analysis addressing second aim of thesis: Describe maternal feeding 
beliefs and practices and child eating behaviour  
Research question five regarding prevalence of maternal feeding beliefs and 
practices, and relevant analyses are shown in Table 3.12 results presented in chapter 
five.  Child eating behaviour was described by tabulating maternal responses to the 
questionnaire items in Table 3.6 regarding frequency of food refusal.  The purpose of 
this descriptive analysis was to understand the prevalence of reported food refusal, 
prior to taking these variables forward in to regression and SEM analyses.  
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Table 3.12 Research question five, and relevant statistical analyses which describe maternal feeding beliefs and practices 
Research question Data analysis Results presented in chapter five 
5. What is the prevalence of maternal 
feeding beliefs regarding food fussiness, 
undereating and underweight, and use of 
maternal feeding practices? 
% mothers reporting:  
 Perception of child as a fussy eater: not fussy, fussy  
 Maternal perception of child weight status; underweight, normal weight, overweight 
Mean (sd) or median(IQR) factor scores ; range and internal consistency scores 
 Concern about undereating or becoming underweight 
 Awareness of infant’s hunger and satiety cues 
 Feeding infant on a schedule 
 Using food to calm infant’s fussiness  
Further descriptive data regarding mothers’ 
response to food refusal was collated using 
questions described in Table 3.9 
% mothers reporting:  
 use of nine specific strategies in response to refusal of familiar foods: never, not often, 
sometimes, often, most of the time 
 use of three strategies in response to refusal of unfamiliar foods: never, not often, sometimes, 
often  
 how often child is offered unfamiliar foods: very often, often, sometimes, almost never or never 
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3.4.2.3 Analysis addressing third aim of thesis: Examine the relationships 
between child dietary intake, eating behaviour and weight and 
maternal feeding beliefs and practices  
The final aim of the thesis was addressed in two steps.  The first step was to 
determine the maternal and child characteristics independently associated with the 
three defined maternal feeding beliefs.  Research question six and relevant analyses 
are shown in Table 3.13.  Results are presented in chapter five. 
 The second step brings together the four key components within the 
conceptual model (Figure 2.5) and is described after Table 3.13, i.e. assessing 
simultaneously the relationships between child characteristics and covariates, 
maternal feeding beliefs and feeding practices using SEM.  Those results are 
presented in chapter six. 
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Table 3.13 Research question six with bivariate and regression analyses, examining the relationships between child dietary intake, 
eating behaviour and weight and three defined maternal feeding beliefs 
Research Question Bivariate analysis  Regression analysis  Results in chapter five 
6. What maternal and child 
factors are associated with 
maternal feeding beliefs 
regarding food fussiness, 
undereating and 
underweight? 
 
Independent variables (section 3.4.1.1) representing child 
growth; gram intake on 24-hour recall of total food, fruit, 
vegetables, meat/alternatives, discretionary choices and 
sweetened beverages, diversity score; food refusal; and 
covariates, were compared with the three dependent variables: 
Variables selected for models based on significant 
bivariate relationships (p<0.05) 
1. Perception of child as a fussy eater: not fussy, fussy  
Between group analysis:  
Continuous variables: normally distributed - unpaired t-test, 
not normally distributed - Mann-Whitney test 
Categorical variables: Pearson’s chi-square test 
Hierarchical logistic regression  
Dependent variable: perception of child as a fussy eater  
Block 1: child WAZ and covariates, 2: dietary intake and 
3: food refusal variables  
Results expressed as odds ratios and 95% CI; R2   
2. Maternal perception of child weight status: underweight, normal weight, overweight 
Between group analysis:  
Continuous variables: normally distributed - one-way ANOVA, 
not normally distributed - Kruskal-Wallis test.  If significant 
difference, Mann-Whitney tests applied post hoc to determine if 
difference was between children perceived as normal weight 
compared to under- or over- weight (Bonferroni correction)    
Categorical variables: chi-square test 
 
Multinomial logistic regression  
Dependent variable: maternal perception of child weight 
status 
Reference category: ‘normal weight’ perception   
Variables entered simultaneously 
Results expressed as odds ratios and 95% CI; R2 
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Bivariate analysis Regression analysis 
3. Concern about undereating or becoming underweight: factor score 
Continuous variables: Spearman’s correlation co-efficient 
Categorical variables: Mann-Whitney test  
Hierarchical linear regression 
Dependent variable: concern about undereating or 
underweight 
Block 1: child WAZ and covariates, 2: dietary intake, and 
3: food refusal variables 
Change in R2 with each block is reported and adjusted R2 
for final model 
The contribution of child growth variables [WAZ, ΔWAZ, weight gain (kg/week)] was assessed in separate regression models, to avoid multicollinearity 
With a sample size of 332, it is appropriate to include up to 10 predictors in the regression model367; Nagelkerke R2 presented for logistic regression368
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Structural equation modelling for analysis of the relationship between child 
characteristics, maternal feeding beliefs and feeding practices 
This section addresses research question seven - what are the cross-sectional 
associations between child intake, eating behaviour and weight, maternal feeding 
beliefs and maternal feeding practices, adjusting for demographic, maternal and child 
factors?  The conceptual model (Figure 2.5) proposes that a mother’s use of specific 
feeding practices are not directly influenced by child characteristics, but rather 
influenced by a mother’s belief about her child’s weight, intake and behaviour.  This 
relationship was evaluated using structural equation modelling (SEM) within AMOS 
graphics (IBM SPSS v21.0) and the results are presented in chapter six.  SEM is an 
expansion of general linear modelling and allows a researcher to test a theory by 
running a set of regression equations simultaneously.369   “SEM’s true power lies in 
the fact that researchers must specify complex relationships a priori and then test 
whether those relationships are reflected in the sample data”,370 in this case testing if 
the proposed relationships - child characteristics (and/or covariates) → mother’s 
belief → mother’s practice → child intake - are supported by empirical data.   
Model development 
Separate measurement models were developed for each feeding belief, 1. 
perception of child as a fussy eater; 2. maternal perception of child weight status; and 
3. concern about infant undereating or becoming underweight, based on the results of 
the regression analyses outlined in Table 3.13.  The structural relationship between 
each belief and the three feeding practices (defined in Table 3.8, awareness of 
infant’s hunger and satiety cues; feeding infant on a schedule and, using food to calm 
infant’s fussiness) was assessed in two ways.  First, the relationship between the 
belief and the three feeding practices simultaneously, and second, the relationship 
between the belief and each feeding practice separately i.e. assessing up to 12 models 
to determine model fit (determined using criterion described on the next page).  
Measures of dietary intake (section 3.4.1.1) were then tested consecutively in relation 
to each feeding practice.  The dietary intake variable within each model was depicted 
as a latent variable with one indicator.  This was done to explicitly describe the 
hypothesised direction of the relationship between feeding practices and dietary 
intake.  Measurement error variance of the intake variable was fixed to zero, to allow 
each model to be identified.371  Only figures which are fundamental to model 
development and confirmation of the conceptual model are shown in the results 
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within chapter six.  A description of the development and evaluation of other models 
is provided in Appendix H. 
Assessment of model fit 
Parameters were estimated using maximum likelihood estimation and model fit 
was determined using a range of fit indices, shown in Table 3.14.  There is minimal 
consensus in the literature regarding the most appropriate indices to use.370  Hence it 
is advisable to utilise different types of indices and those selected for the thesis 
include measures of absolute fit, incremental fit and parsimony.  Absolute fit indices 
assess the degree to which the reproduced covariance matrix based on the theoretical 
model accounts for the actual sample covariance matrix.372  Incremental fit indices 
measure how much better the fitted model is compared to the null model, i.e. a model 
in which there are no relationships amongst the variables.  A more parsimonious 
model is one that fits while estimating the least number of parameters.  
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Table 3.14 Summary of indices used within the thesis to determine fit of 
structural equation models373-375 
Name (Abbreviation) Type Acceptable 
level 
Comment 
Normed Chi-square 
(x2/df) 
Absolute fit and 
model 
parsimony 
1.0 <x2/df< 3.0 Values closer to one 
indicate good fit 
Goodness-of-fit (GFI) Incremental fit GFI >0.95 0.90 - 0.95 indicates 
satisfactory fit 
Root Mean Square Error 
of Approximation 
(RMSEA) with a 90% 
confidence interval 
Absolute fit RMSEA <0.05 0.05 - 0.08 indicates 
satisfactory fit 
PCLOSE >0.05 The relationship within 
the data is not 
significantly different to 
the proposed model 
Comparative Fit Index 
(CFI) 
Incremental fit CFI >0.95 
 
0.90 - 0.95 indicates 
satisfactory fit 
Standardised Root Mean-
square Residual (SRMR) 
Residual SRMR <0.06 Large values indicate 
outliers in raw data 
Bollen-Stine Bootstrap Model fit p>0.05 Used if data not 
multivariate normal376 
Akaike Information 
Criterion (AIC) 
Model 
parsimony 
n/a Model comparison.  The 
model that fits with the 
smallest value of AIC is 
the most parsimonious 
i.e. preferred model 
 
Standardised regression weights are shown on the figures used to depict SEM 
in chapter six.  Significant relationships (p<0.05) are indicated by asterisk.   The 
error terms, represented within figures by the letter ‘e’ inside a circle, represent the 
variance in an indicator, not accounted for by the latent variable.370  Partitioning the 
measurement error in this way allows for better estimation of the relationships 
between latent variables. 
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Assumptions 
Structural equation modelling assumes normally distributed multivariate data 
(indicated by a multivariate critical ratio ≤5.0)374 and that there are no missing 
values.  Prior to building any models using AMOS, full information maximum 
likelihood (FMIL) was employed within SPSS to create a data set with no missing 
values, resulting in n=331.  The eating behaviour variables were entered into each 
model using the responses directly from the questionnaire i.e. the full likert scale, not 
the dichotomised variables used in the regression analysis (Table 3.4.).  This is 
because SEM performs better with continuous variables and a likert scale is 
considered continuous in this context.  As noted in section 3.2.3, a sample of >200 
participants is appropriate for SEM.359 
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Chapter 4: Food and Nutrient Intake 
4.1 INTRODUCTION 
A key gap within the existing literature is the lack of data describing dietary 
intake in children less than two years of age notably in the transition from a milk-
based diet in infancy, to family foods.  This chapter contains the results and 
discussion which address the first aim of the thesis - describe and evaluate the food 
and nutrient intake of first-born Australian children aged 12-16 months.  The analysis 
of this descriptive data was outlined in methods section 3.4.2.1, Table 3.11. 
4.2 RESULTS 
4.2.1 Food and Beverage Intake  
As outlined in section 3.2.3, which described the selection of the thesis sample, 
24-hour recall data were available on 332 children of first-time mothers.  Three-
quarters of recalls were of a week day (n=251) while 52% were recorded in winter, 
27% autumn, 18% summer and 3% in spring.   
4.2.1.1 Quantity of food and beverage consumed (research question one)  
The first research question asked what are the daily intakes of the five core 
food groups - fruit, vegetables, meat& alternatives, cereals, and dairy & alternatives 
(measured in grams/day and contribution to energy intake) – as well as unsaturated 
fats & oils, and discretionary choices including sweet beverages?  Table 4.1 shows 
the proportion of children eating each food group on 24-hour recall, and for both 
consumers only and the whole sample, intake (g/day) and contribution to total energy 
intake of each food group.   
Nine children ate neither fruit nor vegetables on the day.  The prevalence of 
children having discretionary choices and sweetened beverages as a combined food 
group is 89% (n=297).  The median amount of energy provided by ‘discretionary 
food and beverage’ is 335kJ (IQR=160-602) which corresponds to approximately 0.5 
serve of discretionary choices as defined in the AGTHE.  The mean energy density 
of ‘discretionary food and beverage’ was 13 kJ/gram (sd=6), much higher than that 
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of core food groups, mean (sd)=4(1) kJ/gram, i.e. fruit, vegetables, meat/alternatives, 
cereal, dairy/alternatives combined.  
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Table 4.1 Proportion of children consuming each food group on 24-hour recall and intake - g/day and proportion of total energy intake 
- for consumers only and whole sample 
  Consumers of food group only Whole sample (N=332) 
Food group Proportion of 
children consuming 
the food group,  
% (n) 
Intake (g/day), 
Median (IQR) 
Percentage of total 
energy intake derived 
from food group, 
Median (IQR) 
Intake (g/day), 
Median (IQR) 
Percentage of total 
energy intake derived 
from food group,  
Median (IQR) 
Fruit  89 (296) 132 (78-202) 9 (6-14) 118 (60-192) 8 (4-13) 
Vegetables  82 (275) 103 (51-170)  6 (3-10) 80 (21-152) 5 (1-9) 
Meat/alternatives  85 (282) 62 (29-120) 9 (5-15) 49 (15-108) 7 (2-14) 
Cereal  98 (324) 68 (37-114) 18 (11-24) 67 (35-112) 17 (11-24) 
Dairy  95 (316) 337 (131-602 ) 28 (16-49) 320 (115-587) 26 (14-44) 
Unsaturated fats  29 (95) 3 (2-5) 2 (1-4) 0 (0-1) 0 (0-1) 
Discretionary choices  89 (294) 22 (10-46) 9 (4-14) 19 (7-42) 7 (3-13) 
Sweet Beverages  15 (51) 66 (21-130) 3 (0.6-5) 0 (0-0) 0 (0-0) 
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Mean(sd) child age 13.8 (1.3) months; 49% male. Full list of food group coding in Appendix E 
Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the predominant ingredient 
Meat/alternatives: fish, poultry, beef, lamb, pork, game meats, egg, nuts and seeds, infant food or mixed dish where meat/alternative is the predominant ingredient 
Cereal: bread, pasta, rice, breakfast cereal, infant food or mixed dish where cereal is the predominant ingredient 
Dairy: cow’s milk, yoghurt, cheese, food and beverages that may be used in the diet as a dairy substitute e.g. soy beverage/cheese, infant food or mixed dish where dairy is the 
predominant ingredient.  Excludes breast milk and all types of formula  
Unsaturated fats: Monounsaturated and polyunsaturated margarines and oils 
Discretionary choices: biscuits, cakes, spreads, sauces and dressings, butter, cream 
Sweet beverages: fruit juice, fruit drink, cordial, soft drink, flavoured milk, flavoured milk alternative
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4.2.1.2 Types of food and beverage consumed 
Overall, 959 unique food/beverage items were consumed by the sample.  The 
most commonly consumed item was tap water, with 85% of children consuming this 
at least once on 24-hour recall.  This was followed by cows’ milk ‘regular fat’ (69%), 
banana (48%), breakfast cereal ‘whole wheat biscuit’ (37%), cooked carrot (36%), 
cheddar cheese (31%) and vegemite (31%). 
Table 4.2 Three most frequently consumed items in each food group by 
children on 24-hour recall (N=332) 
Food group Food % (n) consuming ≥ once on recall 
Fruit Banana 48 (160) 
 Sultana, dried 18 (59) 
 Apple, stewed 10 (34) 
Vegetables Carrot, cooked, no fat added 36 (121) 
 Potato, peeled, cooked, no fat added 28 (93) 
 Pumpkin, cooked, no fat added 22 (74) 
Meat/alternatives Egg, chicken, whole, baked 14 (45) 
 Chicken breast, lean, no fat added 12 (40) 
 Beef mince, lean, no fat added 10 (34) 
Cereal Breakfast cereal, whole wheat biscuit 37 (123) 
 White pasta, wheat based, boiled 16 (53) 
 Wholemeal bread 16 (52) 
Dairy Cow’s milk, regular fat 69 (228) 
 Cheddar cheese, regular fat 31 (104) 
 Infant/toddler yoghurt, vanilla flavour 18 (60) 
Unsaturated fats Olive oil 9 (30) 
 Monounsaturated margarine 6 (20) 
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Food group Food % (n) consuming ≥ once on recall 
Unsaturated fats Polyunsaturated vegetable oil 3 (9) 
 Polyunsaturated margarine 3 (9) 
Discretionary choices Vegemite 31 (103) 
 Butter 19 (65) 
 Plain sweet biscuit 19 (65) 
Sweetened beverage 100% Apple juice  3 (9) 
 Apple & Blackcurrant juice 2 (6) 
 100% Orange juice 1 (4) 
Mean(sd) child age 13.8 (1.3) months; 49% male. Full list of food group coding in Appendix E 
Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the 
predominant ingredient 
Meat/alternatives: fish, poultry, beef, lamb, pork, game meats, egg, nuts and seeds, infant food or 
mixed dish where meat/alternative is the predominant ingredient 
Cereal: bread, pasta, rice, breakfast cereal, infant food or mixed dish where cereal is the predominant 
ingredient 
Dairy: cow’s milk, yoghurt, cheese, food and beverages that may be used in the diet as a dairy 
substitute e.g. soy beverage/cheese, infant food or mixed dish where dairy is the predominant 
ingredient.  Excludes breast milk and all types of formula  
Unsaturated fats: Monounsaturated and polyunsaturated margarines and oils 
Discretionary choices: biscuits, cakes, spreads, sauces and dressings, butter, cream 
Sweet beverages: fruit juice, fruit drink, cordial, soft drink, flavoured milk, flavoured milk alternative 
4.2.1.3 Cow’s milk, breast milk and formula (research question two) 
Intakes of cow’s milk, breast milk and formula (measured in grams/day and 
contribution to energy intake) of consumers, are shown in Table 4.3.  While cow’s 
milk was the most commonly consumed beverage after water, breast milk and 
formula were consumed by a sizeable number of children in the sample, 24% and 
35% respectively.  Children consuming formula obtained almost one-third of their 
total daily energy intake from this item.  Mothers reported providing a median of 
three breast milk feedings on the day of the recall (IQR=2-4; range=1-10). 
When intake of cow’s milk was examined across the whole sample of 332 
children, median intake was 161g/day (IQR=0.2-484) with 12% of total energy 
intake being derived from cow’s milk (IQR=0.01-31).  Four children consumed skim 
milk (0.15% fat) as their only type of cow’s milk on the day of the recall while nine 
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had low fat milk (1-2% fat).  Another three children consumed both low fat and full 
fat milk.  A small number of children consumed alternatives to cow’s milk – soy 
milk, n=9; goat milk, n=6; rice milk, n=3 and oat milk, n=2.  Median intake of these 
alternatives as a combined group was 291g/day (IQR=58-551), providing 11% of 
total energy intake (IQR=3-26).   
Table 4.3 Proportion of whole sample (N=332) consuming different types of 
milks on 24-hour recall and intake - g/day and proportion of total energy intake 
- of consumers 
Type of milk % (n) Intake of consumers, 
(g/day) 
Median (IQR) 
Percentage of total 
energy intake 
derived from group 
Cow’s milk, all types 75 (249) 322 (129-542) 21 (9-35) 
Breast milk 24 (79) 200 (170-350) 16 (11-26) 
Formulaa 35 (115) 433 (247-570) 28 (18-43) 
Infant formula 6 (19)   
Follow-on formula 13 (41)   
Toddler milk 17 (56)   
Mean(sd) child age 13.8 (1.3) months; 49% male 
a One child consumed both an infant formula and a follow-on formula on 24-hour recall 
 
Association between intake of cow’s milk, breast milk or formula and diversity 
score  
Diversity score represents the number of different food groups consumed by a 
child on 24-hour recall (methods section 3.4.1.1).  The groups included in this 
calculation were fruit, vegetables, dairy, cereal, and meat/alternatives, giving a 
potential score from 0-5.  The median diversity score for the sample was five 
(IQR=4-5).  The proportion children with each diversity score and their intake of 
cow’s milk, breast milk and formula are shown in Table 4.4.  No child had a 
diversity score of zero or one. 
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Table 4.4 Proportion of children (N=332) with each diversity score; and median 
intake (IQR) of cow’s milk, breast milk and formula across categories of 
diversity score 
Diversity Score 2 3 4 5 
% (n) 3 (9) 8 (28) 25 (84) 64 (211) 
Cow’s milk 
grams/day 0 (0-309) 106 (0-352) 144 (2-484) 206 (34-494) 
% EEI 0 (0-21) 6 (0-30) 14 (0-35) 14 (2-30) 
Breast milk 
grams/day 0 (0-310) 0 (0-0) 0 (0-0) 0 (0-65) 
% EEI 0 (0-36) 0 (0-0) 0 (0-0) 0 (0-4) 
Formula 
grams/day 180 (0-706) 243 (0-484) 0 (0-355) 0 (0-185) 
% EEI 13 (0-66) 11 (0-35) 0 (0-21) 0 (0-13) 
Mean(sd) child age 13.8 (1.3) months; 49% male. Full list of food group coding in Appendix E 
Diversity score from 0-5 representing number of different food core groups (fruit, vegetables, dairy, 
cereal, and meat/alternatives) consumed on 24-hour recall; no child had a score of 0 or 1  
Intake of cow’s milk appears to increase with increasing diversity score.  
However there was not a significant relationship between diversity score and cow’s 
milk intake in grams (H(3)=3.93, p=0.27) or as a percentage of EEI (H(3)=3.76, 
p=0.29).  Similarly there was no relationship between diversity score and breast milk 
intake in grams (H(3)=2.91, p=0.41) or as a percentage of EEI (H(3)=3.18, p=0.37). 
There was a significant inverse relationship between diversity score and gram 
intake of formula on 24-hour recall, H(3)=13.99, p=0.003.  Jonckheere’s test 
revealed a linear relationship - diversity score increased with decreasing formula 
intake; J=11798, z=-3.62, r=-0.20.  There was also a significant linear relationship 
between diversity score and percentage of EEI derived from formula, H(3)=14.63, 
p=0.002; J=11761, z=-3.67, r=-0.20.  Multinomial regression was conducted as per 
methods section 3.4.2.1, Table 3.11, and results are shown in Table 4.5. 
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Table 4.5 Variables independently associated with a dietary diversity score of 
2, 3 or 4 compared to an optimum score of 5 (n=203) 
Dietary diversity B (SE) Exp (B) (95% CI) 
Score = 2 (n=9) Intercept 7.24(5.12)  
Formula (g) 0.003 (0.001)* 1.003 (1.001, 1.01)  
Child age (months) -0.51(0.34) 0.60 (0.31, 1.16) 
Family income -0.73 (0.24) ** 0.48 (0.30, 0.76) 
Maternal university education 0.80 (0.84) 2.23 (0.43, 11.61) 
Maternal age at child’s birth -0.05(0.07) 0.95 (0.83, 1.10) 
Score = 3 (n=27) Intercept -1.88(2.82)  
Formula (g) 0.003 (0.001)*** 1.003 (1.001, 1.004)  
Child age (months) 0.16 (0.17) 1.17 (0.84, 1.62) 
Family income -0.32 (0.16)* 0.73 (0.53, 0.99) 
Maternal university education 0.04(0.47) 1.04 (0.42, 2.59) 
Maternal age at child’s birth -0.05(0.05) 0.96(0.87, 1.04) 
Score = 4 (n=80) Intercept 1.14(1.87)  
Formula (g) 0.001 (0.001)* 1.001 (1.00, 1.002)  
Child age (months) -0.10 (0.11) 0.90 (0.72, 1.13) 
Family income -0.16 (0.11) 0.85 (0.69, 1.06) 
Maternal university education 0.78 (0.29)** 2.20(1.25, 3.90) 
Maternal age at child’s birth -0.02(0.03) 0.99 (0.93, 1.04) 
Mean(sd) child age 13.8 (1.3) months; 49% male 
*p ≤0.05, **p ≤0.01, ***p ≤0.001; all values given as per full regression model, x2(15) = 49.74, 
p<0.001, R2= 0.17 (Nagelkerke) 
 
The inverse relationship between diversity score and formula intake remained, 
after accounting for other factors; x2(15) = 49.74, p<0.001, -2 Log likelihood = 
552.65; R2= 0.17 (Nagelkerke).  Family income and maternal university education 
were also associated with dietary diversity in the expected direction, however these 
predictors accounted for only a small amount of the variance in dietary diversity 
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score.  Results were the same when formula as a percentage of EEI was used in the 
regression instead of gram intake (data not shown). 
4.2.2 Energy and Nutrient Intake (research question three) 
Table 4.6 includes the intake of energy and key nutrients - protein, total fat, 
iron and calcium - on 24-hour recall, and comparable Australian NRVs.71   
Table 4.6 Mean reported intake of energy and key nutrients (N=332) on 24-hour 
recall 
Nutrient Mean (sd) EAR71 
Energy (kJ/day) 4109 (1055) - 
Energy (kJ) per kg body weight 396 (102) - 
Protein (g/day) 42 (15) 12g/d 
Protein (g) per kg body weight 4.0 (1.4) - 
Percentage of EEI derived from protein 17.3(3.9) - 
Total fat (g/day) 36 (12) - 
Percentage of EEI derived from fat 32.3 (6.2) - 
Iron (mg/day) 6.8 (3.4) 4mg/d 
Nutrient density iron (mg/1000kJ) 1.7 (0.8)  - 
Calcium (mg/day) 716 (288) 360mg/d 
Nutrient density calcium (mg/1000kJ) 174 (58)  - 
Mean(sd) child age 13.8 (1.3) months; 49% male 
 
Seventy-one per cent of children (n=236) exceeded their estimated energy 
requirement.  The median excess was 791kJ (IQR=426-1516).  The median 
proportion by which children exceeded their EER was 14% (IQR=-4-32). 
Children with very high or very low estimates of energy intake (i.e. less than 
3000kJ or greater than 6000kJ) were cross-checked with mother’s response to 
whether the dietary recall represented ‘usual intake’, ‘more than usual’ or ‘less than 
usual’.  Number of children with an EEI less than 3000kJ or greater than 6000kJ, and 
mother’s assessment of intake is shown in Table 4.7. 
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Table 4.7 Mothers subjective assessment of intake for children with EEI 
<3000kJ or >6000kJ on 24-hour recall 
Mother describes child 
intake as... 
Number of children with 
reported EI of <3000kJ, 
n=40 
Number of children with 
reported EI of >6000kJ, 
n=14 
Usual 24 10 
Less than usual 14 3 
More than usual 2 1 
Mean(sd) child age 13.8 (1.3) months; 49% male 
 
4.2.3 Association between weight gain (from 4-7 to 12-16 months of age) and 
intake – total energy intake and energy derived from discretionary 
choices and sweetened beverages (research question four) 
There was an association between total energy intake on the day of 24-hour 
recall and measures of child weight.  Scatterplots confirmed a linear relationship 
between energy intake and each of the three measures of growth - weight-for-age z-
score, change in weight-for-age z-score between baseline assessment at 4-7 months 
of age and 12-16 months of age, and weight gain (kg/week) between 4-7 months and 
12-16 months of age.  Energy intake was significantly correlated with weight-for-age 
z-score, r=0.21, p<0.001; change in weight-for-age z-score, r=0.13, p=0.02; and 
weight gain g/week r=0.16, p=0.003. 
Due to the small number of children consuming any sweet beverages (n=51), 
this food group was combined with discretionary choices, creating an additional food 
group which will be referred to here as ‘discretionary food and beverage’.  The 
median energy provided by this combined food group was 335kJ (IQR=160-602).  
As a percentage of estimated energy intake this is equivalent to 6% (IQR=3-14).  The 
association between intake and weight was to be examined using a correlation test, 
the underlying assumption being a linear relationship between the two variables.  
Scatterplots showed no linear relationship between gram intake of ‘discretionary 
food and beverage’ and any of the three measures of growth.    Splitting the sample 
by gender still revealed no linear relationship between growth and discretionary 
intake for either boys or girls.  The assumption being violated, correlation tests were 
not performed.  Similarly scatterplots showed no linear relationship between intake 
of ‘discretionary food and beverage’ as a percentage of total daily energy intake, and 
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any of the three measures of weight.    Splitting the sample by gender still revealed 
no linear relationship.  The assumption being violated, correlation tests were not 
performed. 
4.3 DISCUSSION 
These findings add to the data regarding food and nutrient intake of Australian 
children less than 2 years of age and are one of few detailed reports internationally 
on the age group 12-16 months.  The results indicate the quality of dietary intake of 
children within this sample is highly variable, in terms of both the quantity and types 
of foods consumed.  The discussion will focus on whether reported consumption 
reflects an adequate dietary intake for the sample itself; if food and beverage intake 
of the toddlers is consistent with current dietary guidelines36, 54, 71; and how findings 
compare with the existing knowledge regarding dietary intake in young children.   
4.3.1 Quantity and quality of dietary intake 
The first research question was designed to capture fundamental descriptive 
data regarding dietary intake, particularly the intakes of the five core food groups – 
given these groups ideally form the majority of intake and are recommended to be 
consumed daily.36  Most children consumed fruit (89%) and vegetables (82%) on the 
recall, which is consistent with findings by Chan et al in which 89% of 12- to 36-
month old children consumed fruit and 85% vegetables in the previous 24 hours.2 
Prevalence of intake in the thesis sample was lower than that found in InFANT,4 
where 98% of children ate fruit and 95% vegetables, though the difference is most 
likely related to methodology rather than the sample itself.  Intake in InFANT was 
measured over three days (compared to one day of intake in the thesis sample) 
thereby capturing those participants who do not necessarily consume a food group 
every day.   
Table 4.8 describes the gram intake of each core food group by the thesis 
sample, alongside data which was presented in the literature review regarding current 
knowledge of young children’s intake.  This is to allow comparison of intake of 
children aged 12-16 months with children at 18 months and 2-3 years and the 
recommended daily dietary pattern for toddlers aged 1–2 years from the AGTHE,9 
acknowledging that food groupings do differ across studies.  
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Table 4.8 Core food group intake (grams) of children within the thesis sample and published studies of young children; and the 
recommended dietary pattern for toddlers9 
   Intake (grams); mean or median reported as per published data 
Survey Age (months) N Fruit  Vegetables Meat/alt Cereals Dairy 
Thesis sample 12-16 332 118  80  49  67  320  
Diet and Nutrition Survey of Infants and Young 
Children 165 
12-18  1275 96  74  29  nr nr 
Childhood Asthma Prevention Study5 16-24  429 76 53 32b 68  495  
Infant Feeding Activity and Nutrition Trial 4 18  177 145  70  48  90  63c 
2011-12 National Nutrition and Physical Activity 
Component of the 2011-2013 Australian Health 
Survey 110 
2-3 years 561400a 172  67d 66b 114e 373 
Australian Guide to Healthy Eating recommended dietary pattern for toddlers 
aged 1–2 years 9 
75 188   65 160 312 
nr = not reported 
a population weighted estimate 
Excludes: b fish and eggs; c milk; d legumes; e mixed dishes where cereal is the predominant ingredient
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The amount of vegetables consumed by the thesis sample was lower than that 
suggested by the AGTHE, with a median intake amongst the sample of 80g versus 
the recommended 188g,9 as was intake of meat/alternatives (49g versus 65g).   
Median intake of meat/alternatives for consumers was adequate at 62g per day.  
However the lower limit of the IQR was 29g and 15% of children in the sample did 
not consume any items from this food group.  This means that 40% of children ate 
less than 30g meat/alternatives on 24-hour recall.  In addition, two of the most 
commonly consumed items within the meat/alternatives group were egg and chicken, 
poorer sources of iron compared with red meats which may have implications for the 
iron status of young children.  Overall, amount and frequency of intake of vegetables 
and meat/alternatives do not meet recommendations.    
This conclusion needs to be interpreted in light of two factors, methodology, 
and whether comparison with the AGTHE9  is valid.  Dietary intake for the thesis 
sample was derived from a single 24-hour recall.  If one concludes that intake of 
meats and vegetables are inadequate based on this, it is necessary to consider 
whether intake if these food groups would increase sufficiently on other days, such 
that recommended intakes are met over the course of a week.95  This did not appear 
to occur in InFANT4 where IQR of intake over three days was 31g-125g, i.e. children 
with intake on the 75th percentile were still well below the recommended intake of 
188g.  Toddlers have variable appetites and are often acknowledged as ‘making up’ 
at one meal what they don’t eat at another, hence the seven-day diet modelling for 
children aged 12-23 months  (‘serves a week’ in the foundation diet described in 
Table 2.3).95  Overall however, total energy intake remains relatively consistent from 
day-to-day.127  Given the practicalities of eating vegetables, which are generally 
more bitter tasting, high-fibre, low-energy foods, if a young child eats only a small 
amount on one day, it seems unlikely they could physically consume enough to 
compensate on subsequent days.     
This highlights an issue raised in section 2.2.1.3 of the literature review - 
whether comparing reported intakes with the AGTHE9 is valid.  Reported intake of 
any given food group may appear inadequate if the amount recommended within the 
AGTHE9 overestimates the gram intake of food required for children aged 1-2 years.  
The recommended daily pattern for toddlers aged 1–2 years9 is derived from food 
consumption patterns of children aged 2-3 years, because of the lack of 
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representative dietary data in Australian children aged less than two.95  It is likely 
that children at 12-16 months, who are consuming breast milk or formula, have a 
different food intake pattern to children aged 2-3 years.  For example, lower gram 
intakes of vegetables and/or meat/alternatives are required to meet recommended 
dietary intakes, because breast milk or formula is contributing to nutrient intake 
(consumers of formula within the thesis sample did derive a substantial proportion of 
their daily EER from the beverage and this is discussed further in section 4.3.2; 
reported nutrient intake was also adequate as described in sections 4.2.2 and 4.3.3).  
This notion of a changing ‘food pattern’ is also consistent with the infant feeding 
guidelines, whereby “solid foods should provide an increasing proportion of energy 
intake after 12 months” (page 88)54 i.e. intake at 12-16 months of age represents the 
transition from a milk based diet infancy to family foods. 
Comparison across the studies of different age groups (i.e. how findings 
compare with the limited existing knowledge regarding dietary intake in young 
children) might also illustrate this transition period across the second year of life.  
However there is no discernible pattern amongst the data presented in Table 4.8 
(which could be due to varying methodology for data collection and food groupings 
and demographics across samples).  One might expect different dietary patterns 
within the thesis sample in which a high proportion of mothers have a university 
education in comparison to the representative sample participating in the AHS.110  
The proportion of energy intake derived from different food groups does change with 
age and data are shown in Table 4.9. 
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Table 4.9 Percentage contribution of core food groups to estimated energy intake within the thesis sample, and published studies of 
young children 
 Proportion (%) of EEI derived from… mean or median reported as per published data 
Survey Age (months) N Fruit  Vegetables Meat/alt Cereals Dairy 
Thesis sample  12-16 332 8 5 7 17 26 
Childhood Asthma Prevention Study5  16-24  429 5  5 a 7 b 15 35 
2011-12 National Nutrition and Physical Activity 
Component of the 2011-2013 Australian Health Survey 
110  
2-3 years 675 8 4 11 27 c 21 
Excludes: a legumes; b fish and eggs (these food groups provided <1% of EEI) 
Includes: c mixed dishes where cereal is the predominant ingredient 
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Of the five core food groups, dairy and cereal made the greatest contribution to 
estimated energy intake for the thesis sample, providing 26% and 17% respectively.  
The higher proportion of energy derived from dairy and cereals is one of the few 
consistent findings across intake studies in young children.  A higher proportion of 
energy intake is derived from meat/alternatives and cereals amongst children aged 2-
3 years110 compared to toddlers in the thesis sample and CAPS,5 perhaps another 
reflection of the decreased reliance on breast milk or formula in older children.   
Dairy and cereal were also the food groups most commonly consumed by the 
thesis sample, consumed by 96% and 97% of children respectively.  Encouragingly, 
higher fibre cereal foods were being offered, with two of the top three most 
commonly consumed foods in the cereal group being ‘breakfast cereal, whole wheat 
biscuit’ (i.e. Weet-bixTM) and ‘wholemeal bread’.  This could foster a preference for 
wholegrain breads and cereals that lasts beyond childhood, which is important for 
long-term health and consistent with current dietary guidelines.36, 54 
A food group with a surprising low proportion of consumers was unsaturated 
fats and oils, at 29%.  It appears that children in the thesis sample are being offered 
butter as a spread (a discretionary choice), rather than unsaturated choices.  This is 
inconsistent with dietary guidelines which advise replacing foods which contain 
predominantly saturated fat such as butter, with those containing polyunsaturated or 
monounsaturated fat.36  Consumer research by the National Heart Foundation in 
Australia showed an increase in butter sales during 2009 compared with margarine 
spreads.377  One reason given was the perception by men and women aged 30-65 
years that butter has superior taste and cooking properties – a perception fuelled by 
popular Australian reality television cooking shows such as MasterChef.  The 
viewing profile of MasterChef – people aged 28-48 years, married with children, 
having tertiary education and higher income levels - is similar to that of mothers in 
this sample. 
Butter was the second most commonly eaten item within the food group 
labelled ‘discretionary choices’.  Eighty-nine per cent of children in the sample 
consumed discretionary choices (which by definition are high in kilojoules, saturated 
fat, added sugars or salt)95 on 24-hour recall.  Median intake of discretionary choices 
was not excessive at 19g (equivalent to two milk arrowroot biscuits or nine miniature 
teddy biscuits); however for children in the upper quartile, discretionary choices 
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were providing >13% of estimated energy intake.  Energy-dense discretionary foods 
have the potential to displace intake of core foods and the AGTHE does not allow for 
any discretionary choices within the recommended daily pattern for toddlers aged 1–
2 years.9  However it is unrealistic to expect that young children never consume these 
foods – their accessibility and convenience is a key feature of the obesogenic 
environment.   
One instance of this is biscuits.  Plain sweet biscuits were the third most 
popular discretionary food, eaten by 19% of children in the thesis sample.  A similar 
finding regarding sweet discretionary foods was reported in a Perth study.  In PIFS 
II, 92% of children had tried biscuits/cakes by 12 months of age (n=587).3  Toddlers 
are active and have variable appetites, therefore they tend to consume small frequent 
meals over the day to meet their energy and nutrient needs.  It is very easy for 
biscuits to become one of these ‘meals’.  Biscuits do not need cold storage or 
preparation, so are an easy option for parents to have on hand, particularly while 
away from home.  Offering biscuits, which tend to be high in sugar and saturated fat 
is inconsistent with the Australian Dietary Guidelines36 but as mentioned, it is 
unrealistic to expect that young children never eat these foods.  Consideration can be 
given though, as to what is a reasonable expectation for an amount to be consumed.   
The AGTHE suggests up to one additional serve/day from the core food 
groups, unsaturated spreads and oils or discretionary choices to meet the energy 
needs of the active child at 2-3 years of age.9  One serve of discretionary food would 
be equivalent to approximately 10% EER for a moderately active two year old boy.  
This suggests that intake of some of the younger children within the thesis sample is 
excessive at >13% EEI, especially if these children are relatively inactive.  It also 
suggests the need for ongoing emphasis on the recommendation that discretionary 
choices “be eaten only sometimes and in small amounts”.9 
This recommendation could also apply to Vegemite, which was the most 
commonly consumed discretionary item, eaten by a third of the toddlers.  This is 
similar to a study of 12- to 24-month-old children in New Zealand (n=188), where 
over half of the sample ate Vegemite at least once during a 3-day weighed food 
record.164 While is it mostly eaten in small amounts and in conjunction with core-
food, the flavour appeals to a young child’s innate preference for salt.176 Parents may 
be advised to use this spread sparingly and not offer it to children every day.     
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Only 15% of children consumed any sweet beverages, much lower than that 
found in older toddlers, 41% in CAPS81 and 31% in InFANT.4  Median intake was 
66g amongst consumers and the most frequently consumed sweet beverage was 
100% juice, consistent with feeding guidelines advising that juice be limited to 120-
180ml per day in children over the age of twelve months.54  Juice was classified 
within the ‘sweet beverage’ category rather than ‘fruit’ in this analysis (similar to 
other Australian studies)3, 4 given the link between intake of fruit juice and poor 
health in young children including dental caries, diarrhoea and the development of 
obesity.94, 378   
4.3.2 Intake of cow’s milk, breast milk and formula and association with 
dietary diversity  
Water and cow’s milk were the most commonly consumed beverages 
consistent with infant feeding guidelines recommending toddlers be offered milk or 
water as a drink.54  While milk is recommended, it is also advised that daily 
consumption of cow’s milk be less than 500ml because of milk’s contribution to the 
development of iron deficiency in young children and risk of reducing diversity in 
the diet.100  Median intake of consumers (n=249) on dietary recall was 322g, 
however a quarter of consumers were exceeding the suggested limit, with an intake 
of ≥542g, which corresponds to greater than 35% of EEI.  Despite this relatively high 
intake amongst some children in the sample there was no relationship between intake 
of cow’s milk and diversity score.  The dietary guidelines also advise against giving 
reduced fat milk and milk products to children under 2 years of age, as fat restriction 
may have a negative impact on energy intake and growth.36, 54  A very small number 
of children (n=19) consumed low fat milk or skim milk, but this is too few to 
determine if there was any influence on growth - mean WAZ of the 332 children was 
0.58 and no children in the sample were underweight.  For some children this was 
not their only source of milk with three children having both low fat and full fat milk.  
Other children also had breast milk or formula in addition to the low fat milk (data 
not shown).  It is likely their carer used whatever was easiest to find in the fridge at 
the time rather than being an attempt to restrict fat or energy intake.  Overall though, 
the findings regarding unsaturated fats and oils, discretionary choices and use of 
milk, suggest the need to remind parents that low-fat diets are not suitable for 
children under two years of age, while maintaining an emphasis on offering a diverse 
diet and limiting discretionary choices. 
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Another aspect of intake inconsistent with infant feeding guidelines was the 
use of infant and follow-on formula, and toddler milks.  In the second year of life, 
cow’s milk can be used as a drink and toddler milks are unnecessary.54  One-third of 
children in the sample were having some type of formula on 24-hour recall, 
providing a substantial proportion (28%) of energy intake to those children.   Sixteen 
percent of 18-month-old children in InFANT were consuming formula.4  The 
decreased prevalence of formula use amongst these children, compared to 12-16–
month-old children in the thesis sample, perhaps reflects an increased reliance on 
solid foods in older children, consistent with the ongoing transition to family foods.54  
Within the thesis sample though, there was a significant relationship between lower 
diversity score and higher intake of formula on 24-hour recall, independent of 
socioeconomic factors and child age.  The higher protein content and slower rate of 
gastric emptying of formula (compared to breast milk)379, 380 has the potential to 
decrease appetite, intake and diversity at an age crucial to the development of 
lifelong food preferences.84  Longitudinal analysis is warranted, to determine if 
intake of formula is displacing core foods, thereby limiting the long-term 
development of dietary diversity, or if parents are offering formula to supplement 
what they consider to be an inadequate food intake.  Food refusal is common 
amongst toddlers7 and marketing of toddler milks - targeting parental concern - is 
also extensive.381-384  Qualitative research would be valuable, asking parents their 
reasons for using formula at an age when it is not recommended by infant feeding 
guidelines.54  This could also provide insight into the choice of infant versus follow-
on versus toddler formula for children at this age. 
Within the thesis sample (whether consuming formula or not), only 64% of 
children had the maximum diversity score of five, which meant they consumed fruit, 
vegetables, cereal, meat/alternatives, and dairy on 24-hour recall.  As discussed in 
section 4.3.1, it could be argued that if children do not consume all the core food 
groups each day then they are unlikely to meet their requirements over the course of 
a week.  Assuming the children in the thesis sample do achieve their required intake 
of core food groups over the course of a week, it is still important to consider 
whether limited dietary diversity means they are not receiving adequate exposure to 
core foods, for the development of healthy and varied food preferences in the long-
term.  Eleven percent of children ate foods from three or fewer core food groups on 
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24-hour recall.  A longitudinal analysis of the Infant Feeding Practices Study II 
(n=1078)385 in the United States found that children who ate fruit or vegetables less 
than once daily at 10.5 months of age had increased odds of consuming fruits and 
vegetables less than once a day at six years of age (fruit, OR=2.48, 95%CI: 1.59-
3.88; vegetables, OR=2.40, 95%CI: 1.48-3.90; adjusted for maternal age, income, 
ethnicity, education, marital status, and child gender, birth order, birth weight, 
gestational age and breastfeeding duration).  This suggests young children who are 
not consuming fruit and vegetables daily are not receiving adequate exposure to core 
foods to develop healthy and varied food preferences in later childhood.  There is no 
way of determining if children within the thesis sample were offered foods from all 
the core food groups, which they did not eat, or if parents were offering limited food 
choices.  Additional days of intake data or a simple checklist of foods a child was 
exposed to in the previous week could provide insight into this. 
Feeding guidelines in Australia state that “breastfeeding be continued until 12 
months of age and beyond, for as long as the mother and child desire”.36  Within this 
cohort, with a mean age of 13.8 months, 30% of children were breastfeeding, though 
this figure cannot be interpreted within any specific framework.  A goal of the 
Australian National Breastfeeding Strategy 2010-2015386 is to “increase the 
percentage of babies who are fully breastfed from birth to six months and continue 
breastfeeding with complementary foods to 12 months and beyond” but there are no 
target breastfeeding rates for the toddler age range.  The data are however consistent 
with rates seen in nationally representative studies. Data from LSAC collected in 
2003-2004 (N=5000), showed 28% of 12-month-old children and 9% of 18-month-
old children were continuing to breastfeed.387  Within the 2010 Australian National 
Infant Feeding Survey, 18% of children were receiving breast milk at 13-18 months 
of age.204  The slightly higher prevalence in this current sample may be due to higher 
levels of maternal education, a factor known to be positively associated with 
breastfeeding duration.388, 389 
Little is known about the contribution of breast milk to the dietary intake of 
children older than 12 months.  In the thesis sample, toddlers who were breastfeeding 
had a median of three feeds on 24-hour recall with an estimated total intake of breast 
milk = 200g (IQR=170-350).  This amount is approximately half that noted in other 
studies.165, 207, 390  In a laboratory analysis by Kent et al207 of three mother-child 
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dyads (on which the thesis methodology was based), 24-hour milk production of 
each breast at 15 months of lactation was a mean of 208g (sd=57), with children 
feeding approximately three times a day; mean (sd) = 3.3 (0.3).  In the DNSIYC165 in 
the United Kingdom (N=2683), mean intake of breast milk in 102 children aged 12-
18 months was 430g/day, estimated from 4-day food record.  In that analysis, 
consumption of milk during a breastfeed was based on an intake of 10g/minute, up to 
a maximum of 100g per feed for children aged 8 to 18 months, consistent with the 
methodology used for the thesis sample.  A sub-sample of 90 mother-child dyads in 
the DNSIYC underwent measurement of breast milk intake using stable isotope 
methods (the number of children that were aged between 12 and 18 months within 
this sub-sample of 90 children was not reported).  Mean daily breast milk intake of 
12- to 18-month-old children, measured using isotopes, was 400g, i.e. consistent with 
the amount estimated on 4-day food record.  In FITS 2008, reported intake of breast 
milk was not published, however the methodology states that children aged 12-17.9 
months were assumed to take 3 fluid ounces per feeding132 i.e. 88.7ml / 91.4g.  Using 
this methodology, three breastfeeds would be equivalent to approximately 274g.   
In a pooled analysis of studies that had measured human milk intake using 
stable isotope methods,390 mean intake of breast milk in children aged 12-24 months 
was approximately 620g/day.  However, data for children older than 12 months was 
available from only two countries, Papua New Guinea and Gambia, in West Africa, 
limiting the generalisability to Australia.  One might expect a higher intake of breast 
milk amongst toddlers in these countries assuming greater social acceptability of 
feeding an older child391 and dependence on continued breastfeeding for adequate 
energy intake.   
4.3.3 Energy and Nutrient Intake 
Within the thesis sample, three quarters of children were exceeding their 
estimated energy requirement (EER).  The median proportion by which children 
exceeded their EER was 14% which may represent an overestimation of energy 
intake using the recall methodology or an excess food intake by children.  In CAPS 
total energy intake measured by 3-day food record exceeded the EER in both boys 
and girls by a similar amount - 10%.  Subsequent analysis of the CAPS cohort found 
the prevalence of overweight among the children at age eight years was 29% while 
11% of children were obese,392 suggesting the excess was real.  In FITS 2002 mean 
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energy intake exceeded the EER by 31% for children 12 to 24 months of age 
(n=1003),393 though a single recall using FITS 2002 methodology was found to 
overestimate intake by as much as 29% among toddlers, compared to 3-day food 
record.122   
The maximum energy intake reported amongst the thesis sample was 8351kJ, 
which is likely to be an overestimation.  It seems improbable that a young child 
could consume the required volume of food.  The minimum reported was 1067kJ 
which is clearly too low to represent habitual dietary intake.  The data cleaning 
protocol meant that reported energy intakes outside the range 3000-6000kJ were 
double checked against the original 24-hour recall.  So while these extreme figures 
represent reported energy intake, the difficulty in collecting accurate dietary data in 
young children means it may not represent habitual intake.  Mothers were given the 
opportunity to describe whether the child’s reported intake represented usual intake 
or was more or less than usual for any reason e.g. illness.  Of the 40 children with a 
reported intake less than 3000kJ only 14 mothers indicated that their child’s intake 
was less than usual on that day.  The remaining 26 mothers (8% of the total sample) 
might be considered mis-reporters.  Of the 14 children with a reported intake greater 
than 6000kJ only one mother described their child’s intake as more than usual.  The 
other mothers (4%) may be over-reporting or children are indeed consuming more 
energy that what they need.  There is evidence for excess consumption amongst the 
toddlers in the thesis sample - mean WAZ was 0.58 i.e. heavier than the WHO 
reference population,32 and 46% of children experienced rapid weight gain between 
their assessment at 4-6 months of age and 12-16 months (change in WAZ>0.67).25 
Reported intake of other key nutrients was adequate.  Estimated protein intake 
was 42g, was much higher than the EAR of 12g/day,394 which may have contributed 
to the rapid weight gain seen amongst the children.  The higher protein content of 
formula compared with breast milk is thought to promote more rapid growth61, 65 and 
as noted in section 4.2.1.3, one-third of children in the sample were having some 
type of formula on 24-hour recall.  Percentage of energy intake derived from fat was 
32%.  Australian authorities have not specified Acceptable Macronutrient 
Distribution Ranges (AMDR) for children, however in the United States the AMDR 
for children aged 1-3 years is 30-40% of energy derived from fat.395  In Australian 
adults the AMDR for dietary fat is 20-35% of energy.394  Exclusively breastfed 
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infants derive approximately 50% of their daily energy intake from fat,394 suggesting 
the figure of 32% found within the thesis sample reflects the transition from a milk 
based diet infancy to family foods.   
Mean intakes of iron and calcium were above the EAR for this age group i.e. 
the EAR is the daily nutrient intake level estimated to meet the needs of half of a 
population at a given life stage.71  Adequate iron intake is somewhat surprising given 
the relatively low intake of meat/alternatives in comparison to the AGTHE 
recommended dietary pattern for toddlers9 (Table 4.8) and the commonly consumed 
items within the meat/alternatives group being poorer sources of iron (Table 4.2).  It 
may be that iron-fortified cereals and infant formula are making a substantial 
contribution to the estimated iron intake of these children.  
Studies often report the percentage of children with intakes below the EAR for 
a particular nutrient.  This was not calculated for this sample given the limitations of 
a single 24-hour recall to capture this information (as described in section 2.3.1.4).   
4.3.4 Association between weight gain (from 4-7 to 12-16 months of age) and 
energy intake 
There was a significant positive association between estimated energy intake 
and all three measures of child growth - weight-for-age z-score, change in weight-
for-age z-score between baseline assessment at 4-7months of age) and 12-16 months 
of age, and weight gain (kg/week).  While the correlations were weak (r=0.13-0.21), 
these associations add support for the accuracy of dietary data collection, with 
heavier children having a greater energy intake consistent with their higher 
requirements, compared to smaller children.  A study investigating misreporting of 
energy intake in children aged 4 to 11 years, showed that children who over reported 
EI on 24-hour recall had lower WAZ and lower percentage body fat compared to 
accurate reporters and under reporters, while under reporters were heavier with 
higher percentage body fat.130  If a similar pattern is occurring with mothers and 
children in the thesis sample, then the true linear relationship between energy intake 
and weight may be stronger.  Notably, additional analysis of the thesis sample 
revealed a weak inverse relationship between WAZ and the proportion by which 
children were exceeding their estimated energy requirement (rs=-0.20, p<0.01), 
supporting the idea that mothers of leaner children do over report their child’s intake. 
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Of course, in a cross-sectional analysis the reverse is possible, i.e. children 
consuming more energy than required are heavier and/or gaining weight more 
rapidly.  This possibility has already been raised in section 4.3.3.  One might expect 
excess energy intake and subsequent weight gain in children consuming greater 
amounts of energy dense, nutrient poor foods.  In the thesis sample, 89% of toddlers 
consumed ‘discretionary food and beverage’ while a quarter of children derived more 
than 14% of their EEI from this food group.  However no association was seen 
between intake of discretionary food and beverage and any of the three measures of 
growth.  It may be that at ages 12-16 months, the amount of energy provided by 
‘discretionary food and beverage’ is not sufficient to result in excess weight gain 
independently of other food groups.  Perhaps children are still able to self-regulate 
their energy intake to some extent.  Therefore, while discretionary choices may 
displace more nutrient dense foods (given the higher energy density of discretionary 
choices compared with core foods), intake at this level does not result in excess 
energy intake and excess weight gain.   
Other studies have shown an association between sweet beverage intake and 
excess weight gain,189-192 but the number of children in this sample consuming such 
beverages was too small to examine any association.  A longitudinal study of 1189 
children in the Infant Feeding Practices Study II,396 found that any intake of sugar 
sweetened beverages between 1 and 12 months of age was associated with higher 
odds of obesity at age 6 years (OR=1.71, 95%CI: 1.09 to 2.68, adjusting for gender 
birth weight, age at introduction of solids, breastfeeding duration, maternal 
demographics and pre-pregnancy weight status).  That both the prevalence and 
volume of consumption amongst the thesis sample was small is encouraging, given 
intake of fruit juice should be limited at this age and consumption of cordial and soft 
drink is not recommended at all54.   
4.4 CONCLUSION 
These findings provide insight into the quantity, quality and diversity of foods 
consumed by Australian children aged 12-16 months.  Intakes of lean meat and 
vegetables within the sample were below recommendations while almost all children 
were consuming discretionary foods.  A quarter of toddlers derived more that 14% of 
their EEI from discretionary food and beverages.  While amount of energy provided 
by ‘discretionary food and beverage’ was not sufficient to result in excess weight 
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gain independently of other food groups, this level of intake may displace more 
nutrient dense foods.  Children are being exposed to energy-dense, nutrient-poor 
foods at a very young age with the potential to negatively affect the development of 
healthy and varied food preferences.  Milk continued to be substantial source of 
energy at this stage in the transition to family foods.  A quarter of children consumed 
more cow’s milk than recommended on 24-hour recall and a third of children 
consumed formula.  Use of formula is unnecessary at this age54 and higher intake 
was associated with lower dietary diversity.  Twenty four percent of children 
received breast milk, in line with recommendations to continue breastfeeding “until 
12 months of age and beyond”.36 
Overall, quality of food intake could improve within this sample of first-born 
children, with predominantly well-educated, older mothers.  Given these 
demographic factors are associated with more healthful dietary patterns in children 
under two years of age,143 and quality of intake tends to decline amongst second and 
subsequent children,3 the data perhaps represents a ‘best case scenario’.  
Investigation into the dietary quality of a representative sample of Australian toddlers 
is urgently needed.   
Within the sample, 71% of children exceeded their EER71 and there was a 
weak positive association between energy intake, weight-for-age z-score and more 
rapid weight gain.  Protein intake exceeded requirements, which could also 
contribute to rapid weight gain.  The assumption is that infants are born able to self-
regulate energy intake in order to grow appropriately, however these young children 
have intakes exceeding requirements and are heavier than the WHO reference 
population.32  It is therefore very important to look at what factors might be 
disrupting self-regulatory ability and contributing to excess energy intake.  Within 
this thesis, that factor is feeding practices.  Exposure to feeding practices in the first 
two years of life that are not responsive to children’s satiety cues may disrupt self-
regulation of energy intake.1  In the next chapter the prevalence of maternal feeding 
beliefs in this cohort are presented and discussed i.e. what mothers are thinking as 
well as the child and maternal characteristics associated with these beliefs, why 
mothers think the way they do.  Then results and discussion in chapter six evaluate 
the relationship between feeding beliefs, feeding practices, and child intake, what 
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mothers are doing, to provide further insight into the drivers of food choice and 
intake in very young children. 
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Chapter 5: Maternal feeding beliefs and 
practices and child eating 
behaviour 
5.1 INTRODUCTION 
The role of parental feeding practices in the development of child food 
preferences, dietary intake and subsequent overweight is being increasingly 
investigated.275, 276  However despite recognition that parents’ child rearing practices 
are dependent on their beliefs and observations of children’s abilities in a specific 
domain,316   maternal perception of a child in relation to her use of feeding practices 
has largely been ignored.  The food refusal and perceived lack of dietary intake that 
occurs as a consequence of normal child development during the second year of life 
(i.e. self-regulation of energy intake and neophobia) is postulated to have 
considerable influence on the use of maternal feeding practices.299   Therefore this 
chapter addresses the second aim of the thesis - to describe maternal feeding beliefs 
and practices and child eating behaviour, and the first part of the final thesis aim - 
examine the relationships between child dietary intake, eating behaviour and weight 
and maternal feeding beliefs and practices. 
Section 5.2.1 answers research question five: what is the prevalence of 
maternal feeding beliefs regarding food fussiness, undereating and underweight, and 
use of maternal feeding practices?  As described in the methods, section 3.4, 
questionnaire items were used to provide descriptive data on prevalence of food 
refusal (Table 3.6), maternal beliefs regarding food fussiness, undereating and 
underweight (Table 3.7) and maternal feeding practices (Table 3.8).  Research 
question six - what maternal and child factors are associated with maternal feeding 
beliefs - is answered in relation to each defined feeding belief using the regression 
analyses described in Table 3.13; mother’s perception of her child as a fussy eater in 
section 5.2.2.1; perception of child weight status in section 5.2.2.2; and concern 
about child undereating or becoming underweight in section 5.2.2.3.  All results are 
discussed in section 5.3.   
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5.2 RESULTS 
5.2.1 Prevalence of maternal feeding beliefs and use of feeding practices 
(research question five) 
5.2.1.1 Food refusal and food fussiness  
The prevalence of maternal reported food fussiness and food refusal is shown 
in Table 5.1.   The use of specified strategies in response to refusal of familiar foods 
reported by the subset of mothers (n=158) who indicated their child ‘refuse(s) food 
they usually eat’ is shown in Table 5.2.  The prevalence of refusal of unfamiliar 
foods i.e. neophobia, and maternal responses to refusal of unfamiliar foods are shown 
in Table 5.3.   
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Table 5.1 Proportion of mothers reporting fussy eating and food refusal in their child (n=331) 
Questionnaire item Questionnaire response, % (n) 
Do you think your child is a picky or fussy eater? (n=330) Very picky Somewhat picky Not picky Not sure 
 3 (10) 27 (88) 68 (226) 2 (6) 
How often does your child refuse food? (n=330) Very often Often Sometimes Hardly ever 
 4 (15) 10 (32) 44 (145) 42 (138) 
Does your child ever refuse food they usually eat?  Hardly ever Yes   
 52 (173) 48 (158)   
Who decides how much food your child eats – you or your child?  You only Mostly you You and your 
child equally 
Mostly your 
child 
Your child 
only 
 2 (7) 15 (50) 39 (127) 36 (121) 8 (25) 
Mean(sd) child age 13.8 (1.3) months; 49% male, n values given in parentheses indicate missing data 
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Table 5.2 Proportion of mothers using specified strategies in response to child’s refusal of familiar foods (n=158)a 
Questionnaire item Questionnaire response, % (n) 
When your child refuses food they usually eat, do you...? Never Not often Sometimes Often  Most of the time 
Insist your child eats it  46 (72)  32 (51) 20 (31) 2 (4) 0 
Offer a milk drink instead 56 (89) 19 (30) 20 (32) 5 (7) 0 
Offer another food/s that s/he usually likes (n =157) 2 (3) 9 (14) 37 (58) 40 (63) 12 (19) 
Encourage to eat by turning mealtime into a game e.g. pretending loaded 
spoon is an aeroplane 
17 (27) 16 (25) 31 (49) 27 (42) 9 (15) 
Encourage to eat by offering a food reward e.g. dessert 64 (101) 22 (34) 11 (18) 2 (4) 1 (1) 
Encourage to eat by offering a reward other than food 75 (119) 14 (22) 10 (16) 1 (1) 0 
Offer no food until next meal or snack time (n=156) 44 (69) 24 (37) 21 (32) 7 (11) 4 (7) 
Accept that your child may not be hungry and take the food away (n =157)  2 (4) 6 (10) 39 (61) 38 (59) 15 (23) 
Punish your child in some way  97 (153) 3 (5) 0 0 0 
Mean(sd) child age 13.8 (1.3) months; 49% male, n values given in parentheses indicate missing data 
a n= participants that answered ‘yes’ to ‘Does your child ever refuse food they usually eat?’ and directed to ‘When your child refuses food they usually eat, do you...?  
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Table 5.3 Proportion of mothers reporting refusal of unfamiliar foods i.e. neophobia, and response to child’s refusal of unfamiliar 
foods (N=332) 
Questionnaire item Questionnaire response, % (n) 
How willing is your child to eat unfamiliar foods? Very willing Willing Neutral Unwilling Very unwilling 
 30 (100) 47 (155) 19 (62) 3 (12) 1 (3) 
How often is your child offered unfamiliar foods? Very often Often Sometimes Almost never Never 
 14 (45) 55 (183) 31 (104) 0 0 
How do you respond if your child refuses a food that they have not tried before? 
 Never Not often Sometimes Often 
Assume your child doesn’t like it and not offer again (n=319) 72 (230) 19 (59) 9 (30) 0 
Next time, mix it with other foods and disguise it (n=322) 15 (48) 20 (63) 47 (53) 18 (58) 
Offer this food again, with another food my child likes (n=326) 3 (8) 5 (16) 42 (138) 50 (164) 
Mean(sd) child age 13.8 (1.3) months; 49% male, n values given in parentheses indicate missing data 
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5.2.1.2 Maternal feeding beliefs 
Prevalence of maternal perception of child weight status and actual weight 
status of children in the thesis sample based on researcher measured weight and 
WHO criteria,10 is shown in Table 5.4.  Data related to three feeding beliefs defined 
for use within the analyses are then shown in Table 5.5. 
Table 5.4 Prevalence of maternal perception of weight status and actual 
weight status of children in the thesis sample based on objective measure  
Do you think your child is… % (n) Prevalence - WHO criteriaa % (n) 
Underweight 10 (33) Underweight 0 (0) 
Normal weight 84 (279) Normal weight 70 (232) 
Somewhat overweight 4 (13) Overweight/at risk 30 (100) 
Very overweight 0.3 (1)  
Don’t know 1.7 (6)  
Mean(sd) child age 13.8 (1.3) months; 49% male 
a Child weight measured by research staff; z-scores derived and classified using WHO criteria10: 
underweight, WAZ < -2; normal weight, -2≤ WAZ ≤1; or overweight/at risk, WAZ >1  
Table 5.5 Prevalence of maternal feeding beliefs amongst mothers in the 
thesis sample (n=332) 
Derived dependent variable  Prevalence, %(n); or factor score, median (IQR) 
Perception of child as a fussy eater  Not fussy Fussy 
 70 (232) 30 (98) 
Perception of child weight status Underweight Normal weight  Overweight 
 10 (33) 84 (279) 4 (14) 
Concern about undereating or 
becoming underweight 
Factor score α Thesis sample α Baughcum et 
al, 2001 8 
 2.0 (1.3-2.5) 
 
0.79 0.71 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Do you think your child is a picky or fussy eater? Dichotomised ‘very picky’ and ‘somewhat picky’ to 
‘Fussy’, ‘not picky’ and ‘not sure’ to ‘Not fussy’ 
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5.2.1.3 Maternal feeding practices 
Factor scores for the three feeding practices8 used within the thesis are shown in 
Table 5.6.  Scores are measured on a scale of one to five, with higher scores implying 
a ‘stronger’ belief or greater use of that practice. 
Table 5.6 Mean (sd) scores and internal consistency for feeding practices 
defined using the Infant Feeding Questionnaire8 (n=331) 
Factor Factor Scorea Thesis sample Baughcum etal 20018 
  α r b α r b 
Awareness of infant’s hunger 
and satiety cues 
4.2 (0.5) 0.76 0.65 
Feeding infant on a schedule 2.8 (1.0)  0.59  0.48 
Using food to calm fussiness 2.2 (0.7)  0.45  0.44 
Mean(sd) child age 13.8 (1.3) months; 49% male 
a items measured on 5-point likert scale, 1=never to 5=always 
b Pearson correlation coefficient used instead of Cronbach’s alpha because only two items per factor  – 
consistent with publication of original factor analysis 8 
Reliability 
Cronbach’s alpha for each factor was similar to the original validation study,8 
with both ‘concern about undereating or becoming underweight’ and ‘awareness of 
cues’ having good reliability.  Pearson’s correlation coefficients indicated moderate 
to strong relationships for items within ‘using food to calm fussiness’ ‘feeding infant 
on a schedule’, respectively. 
 
5.2.2 Factors associated with maternal feeding beliefs regarding food 
fussiness, undereating and underweight (research question six) 
A summary of significant bivariate relationships between independent 
variables, covariates and the three maternal beliefs is shown in here in Table 5.7. 
Blank cells in the table indicate a non-significant result, while all results are provided 
in Appendix F.  
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Table 5.7 Summary of significant bivariate relationships (p ≥ 0.05) between independent variables, covariates and maternal beliefs 
regarding food fussiness, undereating and underweight (n=332) 
Independent variables  Dependent variables  
 Perception of child as a fussy eater Perception of child weight status Concern about 
undereating or 
becoming 
underweight c 
Mean(se), median (IQR) or %(n) Not fussy 
n=232 
Fussy 
n=98   
Underweight 
n=33 
Normal 
n=279 
Overweight  
n=14 
Weight-for-age z-score 0.66(0.06) 0.42(0.08) -0.25 (0.11) 0.62 (0.05) 1.80 (0.18) -0.36 
Change in weight-for-age z-score  - - - - - - 
Weight gain (kg/week) 0.09(0.00) 0.08(0.00) 0.07 (0.00) 0.09(0.00)a  0.11 (0.01) -0.23 
Total intake on 24-hour recall (grams) 1353(25) 1227(36) - - - - 
Fruit intake 125(67-202) 105(44-163) - - - - 
Vegetable intake 92(27-165) 51(9-130) - - - -0.11 
Meat & alternatives intake  - - - - - - 
Discretionary choices & sweet beverages - - - - - - 
Diversity Score  - - - - - - 
Does your child ever refuse food they 
usually eat?; yes, n=158 
37(86) 74(72) - - - -0.38 
How often does your child refuse food?; 
often, n=47 
5(11) 37(36) - - - -0.40 
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How willing is your child to eat unfamiliar 
foods?; unwilling, n=76 
13(29) 48(47) - - - -0.20 
Child decides amount of food eaten; yes, 
n=144 
38(87) 58(57) - - - -0.13 
Child gender - - - - - - 
Child age (months) 13.7(0.08) 14.1(0.13) - - - - 
Child birth weight (kg) - - - - - - 
Score on the ‘Brief Temperament Scale’361  - - - - - - 
Maternal age at child’s birth (years) - - 32.7(0.89)   30.1 (0.30)b 29.9 (1.26)  0.14 
Maternal BMI (kg/m2) - - - - - - 
Maternal university education; yes, n=191 54(125) 67(66) - - - -0.12 
Maternal breastfeeding status - - - - - - 
Mother’s own ‘Weight concern score’  347 - - - - - - 
Mean(sd) child age 13.8 (1.3) months; 49% male; an=276; bn=277 
WAZ calculated using WHO Anthro32; ΔWAZ from 4-7 months to 12-16 months of age (n=329); Weight gain (kg per week) from 4-7 months to 12-16 months of age (n=329)  
Intake on single 24-hour recall of whole sample (grams); total intake (grams) includes food and drink; full list of food group coding in Appendix E; Fruit: fresh, canned, dried, 
cooked, infant food or mixed dish where fruit is the predominant ingredient; Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is 
the predominant ingredient; Meat/alternatives: fish, poultry, beef, lamb, pork, game meats, egg, nuts and seeds, infant food or mixed dish where meat/alternative is the 
predominant ingredient; Discretionary choices & sweet beverages: biscuits, cakes, spreads, sauces and dressings, butter, cream: fruit juice, fruit drink, cordial, soft drink, 
flavoured milk, flavoured milk alternative; Diversity score: number core food groups consumed on 24-hour recall, score from 0-5  
How often does your child refuse food?, very often and often combined to ‘often’ %(n)=14(47), sometimes and hardly ever to ‘not often’ %(n)=86(283); How willing is your 
child to eat unfamiliar foods?, very willing and willing combined to ‘willing’ %(n)=77(255); neutral, unwilling and very unwilling to ‘unwilling’ %(n)=23(77); Child decides 
amount of food eaten: response to ‘who decides how much food your child eats – you or your child?’, you only, mostly you, you and your child equally to ‘no’ %(n)=56(184); 
mostly your child and your child only to ‘yes’ %(n)=44(146) 
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Unpaired t-tests were used to compare normally distributed continuous variables across the two groups - maternal perception of her child as a fussy eater: Not fussy/Fussy; 
Mann-Whitney tests were used to compare continuous variables that were not normally distributed while Pearson’s chi-square tests were used to compare categorical 
variables across the two groups. 
One-way ANOVA was used to compare normally distributed continuous variables across categories of weight perception and Kruskal-Wallis test was used for non-normally 
distributed continuous variables, with post-hoc testing confirming significant differences between perceived normal weight and under/overweight groups 
Factor score ‘concern about undereating and becoming underweight’ on a scale of 1 = low concern, to 6 = high concern using Infant Feeding Questionnaire8.   
c Spearman’s correlation co-efficients were calculated when comparing factor score with independent continuous variables.  For analysis of categorical independent variables, 
Mann-Whitney tests were used to compare factor score across two groups 
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5.2.2.1 Maternal perception of child as a fussy eater 
Table 5.8 contains the hierarchical logistic regression model showing the 
variables independently associated with maternal perception of her child as a fussy 
eater, x2(9)=109.36, p<0.001, -2 Log likelihood=287.56, R2= 0.41 (Nagelkerke).  
Children with a higher WAZ had lower odds of being described as a fussy eater.  
Children who exhibited food refusal or decided the amount of food they ate, had 
higher odds of being described as a fussy eater by their mother.   
When the regression was repeated using ‘weight gain (kg/week)’ instead of 
WAZ as a measure of growth, weight was no longer a significant predictor of 
mother’s perception of the child as a fussy eater; full regression model, x2(9) = 
109.07, p<0.001, R2 = 0.41 (Nagelkerke).  The adjusted associations with the four 
eating behaviour variables remained significant and were largely unchanged in terms 
of effect size (model not shown). 
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Table 5.8 Factors associated with maternal perception of child as a fussy eater  
Independent variables Dependant variable: maternal perception of 
child as a fussy eater (not fussy, n=232; fussy, 
n=98) 
 B (SE) Exp (B) (95% CI) 
Step 1 
Child weight-for-age z-score  -0.37(0.18)* 0.69 (0.48, 0.99) 
Child age (months) 0.16(0.12) 1.17 (0.92, 1.48) 
Maternal university education; yes, n=191 0.46(0.32) 1.58(0.85, 2.96) 
Step 2 
Fruit intake (g) on 24-hour recall -0.002 (0.00) 0.99 (0.99, 1.00) 
Vegetable intake (g) on 24-hour recall -0.003 (0.00) 0.99 (0.99, 1.00) 
Step 3 
Child decides amount of food eaten; yes, 
n=144 
0.66(0.30)* 1.94 (1.07, 3.51) 
How willing is your child to eat unfamiliar 
foods?; unwilling, n=76 
1.51(0.34)*** 4.52 (2.33, 8.75) 
How often does your child refuse food?; 
often, n=47 
1.81(0.43)*** 6.12 (2.62, 14.30) 
Does your child ever refuse food they 
usually eat?; yes, n=158 
0.84(0.32)* 2.31(1.23, 4.34) 
*p≤0.05; **p≤0.01; ***p≤0.001; all values given as per full regression model 
Initial -2 Log likelihood with only the constant included was 396.92.  Block 1: x2(3) = 20.32, p<0.001, 
-2 Log likelihood = 376.60 R2 = 0.09 (Nagelkerke).  Block 2, fruit and vegetable intake were entered 
rather than ‘total intake (grams)’ to avoid multicollinearity, x2(5) = 28.88, p<0.001, -2 Log likelihood 
= 368.04 R2 = 0.12 (Nagelkerke).  Block 3, full regression model, x2(9)=109.36, p<0.001, -2 Log 
likelihood=287.56, R2= 0.41 (Nagelkerke) 
Mean(sd) child age 13.8 (1.3) months; 49% male; WAZ calculated using WHO Anthro 32 
Intake on single 24-hour recall of whole sample; full list of food group coding in Appendix E 
Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the 
predominant ingredient 
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5.2.2.2 Maternal perception of child weight status 
The multinomial logistic regression model showing variables independently 
associated with maternal perception of child weight status is shown in Table 5.9.  
The model explained a significant amount of the variability, x2(4) = 71.27, p<0.001, -
2 Log likelihood = 251.52, R2 = 0.31 (Nagelkerke).  Goodness-of-fit statistics were 
not significant (Pearson p = 1.00, Deviance p = 1.00).  Children with higher WAZ 
had lower odds of being described as underweight and higher maternal age was 
associated with higher odds of a child being described as underweight, rather than 
being perceived as normal weight. Children with higher WAZ had six times the odds 
of being described as overweight by their mother rather than being considered 
normal weight.   
Table 5.9 Factors associated with maternal perception of child as underweight 
or overweight compared to normal weight (n=277) 
Maternal perception B (SE) Exp (B) (95% CI) 
Underweight (n=33) Intercept -4.51(1.30)***  
Weight-for-age z-score -1.49 (0.29)*** 0.23 (0.13, 0.40) 
Maternal age at child’s birth 0.08(0.04)* 1.09 (1.01, 1.18) 
Overweight (n=14) Intercept -5.76(2.27)*  
Weight-for-age z-score 1.89 (0.42)*** 6.61 (2.91, 15.01) 
Maternal age at child’s birth 0.02 (0.07) 1.02 (0.89, 1.16) 
*p ≤0.05, **p ≤0.01, ***p ≤0.001; all values given as per full regression model, x2(4) = 71.27, 
p<0.001, -2 Log likelihood = 251.52, R2 = 0.31 (Nagelkerke) 
Mean(sd) child age 13.8 (1.3) months; 49% male 
WAZ calculated using WHO Anthro 32 
 
One other measure of child growth, ‘weight gain (kg/week)’ was significantly 
inversely associated with maternal perception of child weight status.  Using this 
measure resulted in a poorer fitting regression model, x2(4) = 31.97, p <0.001, R2 = 
0.15 (Nagelkerke); n=321, compared to the model using WAZ (Table 5.9).  The 
adjusted associations with the remaining variables were largely unchanged, hence 
full model not shown. 
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5.2.2.3 Concern about undereating or becoming underweight 
Table 5.10 contains the hierarchical linear regression model showing variables 
independently associated with maternal concern about undereating or becoming 
underweight.  The dependent variable was not normally distributed, however 
transforming this variable using log transformation and repeating the regression 
made no difference to the results.  Hence the regression model using untransformed 
data is presented.  The final regression model explained 32% of the variance in 
maternal concern (Adj R2=0.32, se=0.61).  Assumptions were met for no 
multicollinearity and homogeneity of variance.  Higher maternal concern about 
undereating or underweight was associated with lower WAZ, higher frequency of 
food refusal and more frequent refusal of foods the child would usually eat.   
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Table 5.10 Factors associated with maternal concern about her child 
undereating or becoming underweight (n= 324) 
Independent variable Dependant variable: factor score ‘concern 
about undereating or becoming 
underweight’ 
 B (95% CI) β 
Step 1 ΔR2=0.142 (p<0.001) 
Weight-for-age z-score -0.265 (-0.345, -0.185) -0.305*** 
Maternal age at child’s birth (years) 0.008 (-0.006, 0.021) 0.052 
Maternal university education (yes) 0.054 (-0.090, 0.198) 0.036 
Step 2 ΔR2=0.008 (p=0.08) 
Vegetable intake (g) on 24-hour recall 0.000 (-0.001, 0.000) -0.049 
Step 3 ΔR2=0.189 (p<0.001) 
How willing is your child to eat 
unfamiliar foods?; unwilling, n=76 
-0.129 (-0.294, 0.036) -0.074 
How often does your child refuse food?; 
often, n=47 
0.595 (0.382, 0.808) 0.282*** 
Does your child ever refuse food they 
usually eat?; yes, n=158 
0.317 (0.163, 0.471) 0.214*** 
Child decides amount of food eaten; yes, 
n=144 
-0.035 (-0.174, 0.104) -0.023 
***p≤0.001; all values given as per full regression model, Adj R2 =0.32, se=0.61 
Mean(sd) child age 13.8 (1.3) months; 49% male; WAZ calculated using WHO Anthro 32 
Intake on single 24-hour recall of whole sample; full list of food group coding in appendix E; 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the 
predominant ingredient 
 
Using ‘weight gain (kg/week)’ (n=321) instead of WAZ decreased model fit, 
adj R2 =0.26, SE=0.64.  Lower ‘weight gain (kg/week)’ was significantly associated 
with higher concern about undereating or underweight.  The same two eating 
behaviour variables (how often does your child refuse food?; and does your child 
ever refuse food they usually eat?) remaining significant in the adjusted associations 
and were largely unchanged in terms of effect size (model not shown). 
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5.2.3 A summary of maternal and child factors associated with maternal 
feeding beliefs regarding food fussiness, undereating and underweight 
To conclude section 5.2, a summary of the independent associations with the 
three maternal feeding beliefs is provided in Table 5.11.  This is followed by the 
discussion in section 5.3. 
 Chapter 5:Maternal feeding beliefs and practices and child eating behaviour 207 
Table 5.11 A summary of the maternal and child factors significantly and independently associated with the three maternal feeding 
beliefs (derived from tables 5.8, 5.9 and 5.10) 
Independent variable Perception of child as a 
fussy eater 
Perception of child weight as 
underweight vs normal weight 
Concern about 
undereating and 
becoming underweight 
Weight-for-age z-score  ↓ ↓ ↓ 
Weight gain (kg/week)  ↓ ↓ 
Maternal age at child’s birth (years)  ↑  
How often does your child refuse food?; often ↑  ↑ 
Does your child ever refuse food they usually eat?; yes ↑  ↑ 
How willing is your child to eat unfamiliar foods?; unwilling ↑   
Child decides amount of food eaten; yes ↑   
Mean(sd) child age 13.8 (1.3) months; 49% male; WAZ calculated using WHO Anthro 32; Weight gain (kg per week) from 4-7 months of age to 12-16 months of age (n=329) 
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5.3 DISCUSSION 
Anecdotally, feeding concerns are among the most commonly cited reasons 
why mothers seek advice about their young child.  The actual prevalence of these 
concerns, and the accuracy of maternal perceptions of child weight and intake 
amongst mothers of toddlers, is unknown.  This chapter describes the prevalence of 
child eating behaviour (namely food refusal), maternal feeding beliefs/perceptions 
about child weight and behaviour and use of feeding practices and strategies in 
response to food refusal.  In short, the results describe what children are doing, what 
mothers are thinking and what mothers are doing.  In particular, three feeding beliefs 
were defined (sections 3.4.1.2 and 5.2.2) - chosen to reflect concerns commonly 
reported by mothers such as fussy eating, a child not eating the amount or types of 
food thought to be appropriate, fear that the child is not eating enough, 6 or a belief 
about the child’s weight (which may or may not be accurate) such as not putting on 
enough weight.  Examining the factors associated with these maternal beliefs 
provides insight into why mothers think the way they do, and can inform the design 
of interventions that aim to promote the use of responsive feeding practices.  
Food refusal is a normal part of toddler development.  It is unknown if mothers 
distinguish between food refusal as a consequence of satiety versus neophobia 
though it appears that all food refusal is generally regarded as negative behaviour.  
Within the thesis sample, 30% of mothers described their child as a fussy eater.  This 
figure is consistent with FITS 2002261 where 35% of caregivers described their child 
as a picky eater at age 12-14 months; and similar to the literature more generally 
which estimates 25-40% of infants and toddlers are considered fussy eaters.78  Only 
four percent of mothers stated their child was unwilling to eat unfamiliar foods.   
Given the mean age of the thesis sample is 13.8 months, this finding is consistent 
with the theory that neophobia emerges at around 12 months of age and peaks 
between two and six years of age.211, 253  
Overall, the child’s actual dietary intake had minimal association with maternal 
perceptions and concerns.  Dietary intake data presented in chapter four found 
evidence of limited dietary quality amongst the children.  On 24-hour recall only 
64% of children consumed all five core food groups, while amount and frequency of 
consumption of vegetables and meat/alternatives was less than recommended.9  
Three quarters of children exceeded their EER, perhaps consistent with the generally 
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low level of ‘concern about undereating or becoming underweight’ (Table 5.5).  In 
bivariate analyses, vegetable intake was lower in children perceived as fussy 
compared to those who weren’t, and associated with higher ‘concern about 
undereating or becoming underweight’.8  However, in adjusted analysis, it was child 
WAZ and eating behaviour that was associated with maternal beliefs regarding food 
fussiness, undereating and underweight.  Maternal beliefs were also largely 
independent of maternal factors such as education or own weight concern.  This is 
perhaps due to the limited demographics of the sample (section 7.3.1) or potentially 
concern about food refusal and lower child weight is a collective experience. 
 The leaner child who refused food more often had higher odds of being 
described as a fussy eater.  This is consistent with qualitative analysis indicating 
“parents believe that picky eating is not only defined by the food the child eats, but 
also by the child's overall behaviours and attitudes toward mealtimes”.397  Children 
who refused food often, who refuse food they usually eat or who were unwilling to 
eat unfamiliar foods all had higher odds of being described as a fussy eater.  This 
supports the generally accepted definition of fussy eating as the rejection of both 
novel and familiar foods,7 but also the premise that fussy eating is the outward 
manifestation of self-regulation of energy intake and neophobia (section 2.4.2.3).  
Similarly, lower WAZ, higher frequency of food refusal and refusal of usual foods 
were associated with higher maternal concern about her child undereating or 
becoming underweight.  These behaviours are indicative of satiety and self-
regulation, as opposed to neophobia, but the findings reinforce that it is lower 
relative child weight and behaviour that cause mothers concern, rather than any 
objective indicator of inadequate dietary intake.   
An interesting finding was that if a child was able to decide how much he/she 
ate, rather than the mother, then the child had higher odds of being described as a 
fussy eater.  This suggests that when a child has control of the amount of food eaten 
and is able to refuse food due to neophobia or satiety, the mother interprets this 
normal developmental response as the child being a fussy eater.  In an early study of 
mothers of children aged 24-36 months of age (N=118),230 mothers used similar 
criterion to inform their perception of their child as a fussy eater.  In that study, 
mothers rated their ‘picky eaters’ lower on questionnaire items related to whether the 
child had eaten the amount she thought should be eaten, compared to mothers of non-
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picky children.  These findings indicate mothers concerns are contrary to the 
‘division of responsibility’,105, 258 in which parents are responsible for what, when 
and where they serve food to their children, while children are responsible for how 
much of that food they eat and whether they eat at all.  It is possible however, that 
mothers who are not aware of the concept of division of responsibility may see the 
role of deciding how much the child eats as quite important and appropriate e.g. to 
prevent a child from eating too much ‘unhealthy’ food at a party, or ensure a child 
eats an ‘adequate’ amount of vegetables.   
This suggests a need for ongoing education for mothers (and other caregivers) 
regarding typical child development and the ‘division of responsibility’.105, 258  In 
practice this may require a shift in how clinicians talk about ‘fussy’ eating in 
childhood.  Clinicians can promote food refusal as normal in healthy young children, 
and even desirable in today’s obesogenic environment.  Mothers could be 
encouraged to think of food refusal in terms of self-regulation and neophobia, with 
complete avoidance of the term ‘fussy’, which is inherently negative.  An example of 
this is reflected in the development of a parent feeding guide in the United States.398  
Formative evaluation strategies were used to develop “Eat Healthy, Your Children 
are Watching, A Parent’s Guide to Raising a Healthy Eater”, which consists of a 
series of written booklets and video materials for care-givers of children aged 3 to 5 
years.  During this process, the module originally titled, “How to handle mealtime 
struggles”, was renamed “Learning to eat healthy”.  This title places a positive 
emphasis on mealtimes and it can be helpful for families to focus on what behaviours 
they want to encourage, rather than focus on what to avoid.  
Data were also used to investigate beliefs about the child being underweight, 
given this is a common concern amongst mothers of young children2 and more 
mothers report concerns about underweight than overweight.399  Whilst 10% of 
mothers believed their child was underweight (Table 5.4), objective assessment 
against WHO criteria10 indicated no children were actually underweight.  Children 
categorised as underweight by their mothers were indeed leaner than those described 
as normal weight, with WAZ being the only variable consistently related to all three 
maternal feeding beliefs.  Lower WAZ was associated with being labelled as a fussy 
eater as well as higher maternal concern about undereating/underweight.  This is 
similar to findings amongst 455 children aged 30 months participating in the 
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Gateshead Millennium Baby Study.265  Children described by their parent as having 
an ‘eating problem’ (n=89) had significantly lower weight-for-age z-scores compared 
to children without.  In another study in the United States, 313 mothers completed 
the IFQ8 when their child was three years of age, in reference to the child’s first year 
of life.307  This is one of the only studies with published IFQ8 factor scores.  The 
score for ‘concern about undereating or becoming underweight’ was used to divide 
the mothers into two groups - ‘normal’ or ‘high’ concern.  Child anthropometry was 
measured, and mean BMI z-scores33 compared across groups.  Mothers with high 
concern about their child undereating or becoming underweight in the first year of 
life had children with significantly lower BMI z-scores at age five years compared 
with mothers defined as having normal concern (mean(SE)=0.12(0.09) vs 0.60(0.07), 
p<0.001).  However, as with the thesis sample, none of the children in that study 
were underweight i.e. mothers are unnecessarily concerned about the lean, but 
healthy child. 
Another anecdotally common concern is a child’s apparent lack of weight gain 
over time.  While a slower rate of growth during the first two years of life is 
considered appropriate in the context of obesity prevention,11, 24-26 it appears parents 
find this a cause for concern.265  The association between maternal feeding beliefs 
and growth over time was investigated using two variables, change in weight-for-age 
z-score and weight gain (kg per week), between baseline assessment at 4-7 months of 
age to second assessment at 12-16 months of age.  Neither variable was associated 
with ‘maternal perception of her child as a fussy eater’ but lower weight gain (kg per 
week) was independently associated with higher ‘concern about undereating or 
becoming underweight’.  This highlights the need to provide parents with 
comprehensive and regular support to monitor child growth, especially since parents 
find growth charts difficult to interpret, preferring children to track at higher 
percentiles compared with normal growth trajectories on lower percentiles.327, 328  
Change in WAZ was not associated with any of the three feeding beliefs.  This is 
perhaps because change in WAZ was relatively high (mean=0.60), prompting 
maternal satisfaction rather than concern (Table 3.3).  Almost half the children in the 
sample were defined as having rapid weight gain during their first year of life i.e. 
WAZ>0.6725 which is an established risk factor for overweight/obesity.   
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Apparent lack of concern regarding obesity risk is also reflected in the finding 
that while 30% of the children had a WAZ>1, i.e. overweight/at risk,10 only five 
children were perceived by their mothers as overweight.  It seems only the heaviest 
children are recognised as overweight by their mothers, with the 14 children labelled 
as overweight having a mean WAZ of 1.80, compared with 0.62 in those perceived 
as normal weight.   
The results regarding maternal perception of weight status reflect the general 
trend to underestimate weight found amongst toddlers in the DONALD study325 and 
older children.322  The actual prevalence data however, were somewhat unexpected 
(Table 5.4).  The candidate expected most children to be within the normal weight 
range, and that a greater proportion of mothers would describe their child as 
underweight, consistent with common concerns about inadequate intake and weight 
gains amongst mothers of young children.2  Instead a third of these very young 
children are above the normal weight range and this is not recognized by their 
mother.  It is possible that this stems from the notion that a chubby baby is healthy 
and consequently a belief that very young children cannot actually be ‘overweight’.  
Perhaps there is an age, below which excess adiposity amongst children is seen as 
normal, then beyond that age, maternal belief shifts to perceive excess weight as 
unacceptable.  In a study in Texas in the United States, mothers of 12- to 25-month-
old children (n=50) were given three standardised pictures, each depicting nine 
babies, children or adults, with a balanced distribution of body sizes from very thin 
to very overweight.335  The women were asked to select which figures represented a 
healthy body size and which represented overweight.  Mothers rated significantly 
more body sizes as healthy for infants than for children or adults, a mean of 3.9 
figures (out of nine) compared with 2.7 for both children and adults, and rated fewer 
bodies as overweight for infants, than for children or adults (2.8 versus 3.4 versus 
4.1).  This suggests lower tolerance for excess adiposity with increasing age.  
Another study in the United States, amongst parents of children aged 2-17 years 
(N=223), used standardised pictures to evaluate perception of their own child’s 
weight.400  BMI percentiles33 were calculated from height and weight measured by 
study staff.  Parents of children with a BMI ≥85th percentile had higher odds of 
selecting a more accurate picture if the child was older than six years of age 
(OR=3.1, 95% CI:1.1, 8.4).  This inability to identify, or tendency to perceive excess 
  
Chapter 5:Maternal feeding beliefs and practices and child eating behaviour 213 
adiposity as normal in younger children is a problem because if parents (or health 
professionals) are unable to recognise a child is at risk for overweight, they are 
unlikely to seek assistance to prevent further excess weight gain.329   
These findings regarding maternal beliefs and perceptions support the premise 
introduced at the beginning of the thesis (section 1.1), that community concerns 
about child eating and weight are at odds with childhood obesity as a global public 
health concern.  These misplaced concerns and beliefs about underweight are 
important, given that a mother’s perception of her child’s intake and weight may be 
more relevant in determining her use of specific feeding practices, than the child’s 
actual intake and weight.331   
Feeding practices were defined in section 2.4.3.1 as the techniques that a 
mother employs with a child during eating and feeding such that the child consumes 
the type and amount of food she deems appropriate.  Encouragingly, mothers 
reported a high awareness of their child’s hunger and satiety cues, while use of food 
to calm was low as was feeding on a schedule (Table 5.6).  Feeding on schedule is 
difficult to interpret as either a positive or negative practice.  It may represent 
maternal control over feeding, characterised by a more rigid feeding schedule that is 
less sensitive to a toddler’s individual cues of hunger or satiety.  Conversely it may 
represent mother’s attempt to introduce “structure and routine” and“meals and 
snacks at regular times” as recommended for toddlers in the feeding guidelines85 
current at the time of data collection.  In the validation of the IFQ8 “there was also a 
tendency for low-income mothers to have scheduled feedings”, p397, though that 
may be related to scheduled offering of formula in infancy, rather than 
socioeconomic status per se.  It is consistent with the finding of less scheduled 
feeding amongst the thesis sample which consists predominantly of mothers with a 
university education and higher family income. 
There are very few studies to compare the thesis results with, as most use the 
Child Feeding Questionnaire,241 despite the CFQ being validated for use in children 
over two years of age.  Interestingly, the factor scores for the three feeding practices 
within the thesis sample (Table 5.6) were almost identical to the one known study307 
with published IFQ8 factor scores, despite very different sample demographics.  That 
was a longitudinal study307 in which mothers from the US (N=313) completed the 
IFQ8 when their child was three years of age, in reference to the first year of life - 
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20% of participants were African-American, 22% were enrolled in the Special 
Supplemental Nutrition Program for Women, Infants and Children (for low-income 
families) and only half of the mothers had completed university. 
Given the validation of the IFQ8, these three feeding practices are taken 
forward into the next chapter and tested within the thesis conceptual model; child 
characteristics → mother’s perception → mother’s practice → child intake.  
However individual questions within the NOURISH and SAIDI questionnaires 
(Table 3.9 and Appendix C) provide insight into maternal response to food refusal.  
Descriptive data are presented within the thesis (though not used in subsequent 
analyses) in view of the limited literature describing the use of maternal feeding 
practices with children less than two years of age (section 2.4.3.3).    
Half of the mothers (n=158) within the thesis sample responded ‘yes’ when 
asked ‘does your child refuse food they usually eat?’ and were subsequently directed 
to rate their use of specific feeding strategies in response to food refusal (Table 5.2).  
The refusal of familiar foods can be a considered an outward manifestation of satiety 
i.e. self-regulation of energy intake, though the results indicate mothers are not 
interpreting food refusal in this way.  Two strategies used frequently were offering 
another food that the child usually likes (140 out of 158 mothers doing this 
often/most of the time/sometimes), and encouraging eating by turning mealtime into 
a game reported (106 out of 158).  This suggests mothers are misinterpreting (or 
ignoring) satiety cues while coercing children to eat, which may disrupt a child’s 
ability to self-regulate their energy intake.1  Only half of the mothers (82 out of 158) 
appeared to understand food refusal to mean that their child may not be hungry, and 
a further 40% thought this only sometimes.  This is consistent with another 
Australian study, also conducted in Adelaide, of 374 children aged 12-36 months.2  
Only one-third of those mothers reported that they ‘very often’ interpreted general 
food refusal as satiety and half would ‘often’ offer another food that their child 
usually likes.  Similarly, in an analysis of the Gateshead Millennium Baby Study 
when children were aged 30 months (n=455),265 71% of parents reported offering a 
novelty food, 51% reported playing games at mealtimes, and 60% offering an 
alternative food to their child in response to food refusal.   
Participants within the thesis sample were also asked questions about their use 
of feeding strategies in response to refusal of unfamiliar foods (Table 5.3), i.e. food 
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neophobia.7  Most mothers offered the food again, rather than immediately assuming 
the child didn’t like it, but 65% of mothers sometimes/often mixed the unfamiliar 
food into another food, to disguise the taste the next time it was offered.  This does 
not provide the children opportunity for repeated (and neutral) taste exposure - 
recognised as the most appropriate way to encourage acceptance of new foods.258  In 
addition, 30% of mothers did not offer unfamiliar foods often.  Familiarity is thought 
to be a key factor in a child’s acceptance of new food so if new foods are not offered 
regularly a child does not have the opportunity for ‘learning to like, liking to eat”.185   
5.4 CONCLUSION 
The findings within this chapter confirm what is known anecdotally - that 
mothers are concerned about food fussiness, undereating and underweight in 
otherwise healthy children.  Within the thesis sample, 30% of mothers described 
their child as a fussy eater and 10% categorised their child as being underweight, 
though objective data did not support these concerns.  Relative child weight and 
eating behaviour were the factors associated with maternal feeding beliefs rather than 
a child’s dietary intake, with WAZ the only variable consistently and independently 
associated with all three feeding beliefs.  It was the leaner, but healthy weight child 
who exhibited food refusal (consistent with neophobia and/or self-regulation of 
energy intake) that was described a fussy eater or prompted higher maternal concern.   
Analysis of maternal perception of child weight status revealed 30% of 
toddlers were overweight/at risk, with almost all of these children being perceived as 
normal weight.  This is consistent with the literature that shows parents are poor at 
identifying risk of overweight in their children, highlights societal perceptions of 
overweight in very young children and has implications for the early detection and 
treatment of overweight and obesity.329   
In practice, health professionals can promote food refusal as normal and even 
desirable in healthy young children while providing parents with ongoing support to 
understand normal child growth.  Importantly, maternal beliefs have implications for 
her use of feeding practices and it may be that clinicians cannot change what mothers 
do until they change what mother’s think.401  If a mother is dissatisfied with the 
amount a child is eating, she could be using coercive feeding practices, which may 
override a child’s ability to self-regulate energy intake.1  Use of inappropriate 
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feeding practices amongst the thesis sample as measured by the IFQ,8 was low.  
However analysis of maternal feeding strategies in response to food refusal indicates 
mothers are incorrectly interpreting children’s satiety cues and not giving toddlers 
adequate opportunity to try unfamiliar foods, which is a key factor in a child’s 
acceptance of new food.185  In the next chapter, the relationship between these three 
important categories; child weight and eating behaviour → maternal feeding beliefs 
→ maternal feeding practices, and the potential influence on child dietary intake is 
assessed simultaneously using structural equation modelling (SEM). 
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Chapter 6: Associations between child 
intake, behaviour and weight and 
maternal feeding beliefs and 
practices 
6.1 INTRODUCTION 
This chapter brings together results presented thus far, to answer the final 
research question - what are the cross-sectional associations between child intake, 
eating behaviour and weight, maternal feeding beliefs and maternal feeding 
practices, adjusting for demographic, maternal and child factors?  The conceptual 
model for this thesis (Figure 2.5) proposed that a mother’s use of specific feeding 
practices cannot be directly influenced by child characteristics, but rather related to 
the mother’s belief (accurate or not) about her child’s weight, dietary intake and 
behaviour.   
The results in chapter five indicated that child weight and frequency of food 
refusal were the factors associated with maternal feeding beliefs rather than the 
amount eaten by the child.  Similarly very few demographic or maternal factors 
(such as education or BMI) were associated with maternal beliefs.  Based on these 
findings, the relationships that were ultimately tested using SEM are shown in Figure 
6.1.  Weight-for-age z-score was used in the SEM analyses, rather than weight gain 
(kg/week) from 4-7 months of age to 12-16 months of age, because overall, 
regression models were weaker when weight gain (kg/week) was used as a variable 
instead of WAZ. 
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Figure 6.1 Associations (in bold) tested using SEM, between child intake, 
eating behaviour and weight, maternal feeding beliefs and maternal feeding 
practices 
Dietary intake on single 24-hour recall of whole sample - total intake (grams) which includes food and 
drink, gram intake of fruit, vegetables, meat/alternatives, meat/fish/chicken, dairy, cow’s milk, 
formula and breast milk, diversity score; full list of food group coding in Appendix E 
Maternal feeding beliefs/perception: perception of child as a fussy eater, maternal perception of child 
weight status, concern about infant undereating or being underweight 
Maternal feeding practices8: awareness of infant’s hunger and satiety cues, feeding infant on a 
schedule, using food to calm infant’s fussiness 
 
6.2 RESULTS 
As noted in the methods section 3.4.2.3, separate models were developed for 
each feeding belief - perception of child as a fussy eater, maternal perception of child 
weight status, and concern about infant undereating or becoming underweight; and 
Family 
phenotype 
Growth/ weight 
Dietary intake Maternal feeding 
practices 
Maternal feeding 
beliefs / 
perception 
Food refusal  
- familiar foods 
- unfamiliar foods 
Maternal weight 
status 
Covariates: 
Child gender                 
Child age 
Child temperament     
Maternal age                
Maternal education     
Breastfeeding status        
Maternal weight concern 
Family income 
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their relationship with each of the three feeding practices was assessed both 
simultaneously (since it is unlikely that mothers employ particular feeding practices 
in isolation) and separately.  Relevant models are presented here, with additional 
results provided in appendix H as required.  
6.2.1 Maternal perception of child as a fussy eater 
In the previous chapter, hierarchical logistic regression was used to determine 
which variables were associated with maternal perception of her child as a fussy 
eater (section 5.2.2.1, Table 5.11).  The first step in developing the structural 
equation models was to repeat the regression using SEM.  However it appeared to the 
candidate that the variables identified in the regression model could signify important 
indicators to a mother - child WAZ and those describing child behaviour, ‘How often 
does your child refuse food?; ‘Does your child ever refuse food they usually eat?’; 
‘How willing is your child to eat unfamiliar foods?’; and ‘Child decides amount of 
food eaten’.  Therefore, a latent variable was introduced.  Latent variables represent 
something that cannot be directly observed and therefore cannot be directly 
measured.   As depicted in the conceptual model, a mother pieces together what she 
knows about her child’s intake, behaviour and weight, and forms a perception of the 
child based on this.  A latent variable was constructed termed the ‘good eater’, with 
child WAZ and feeding behaviour as indicators.  This measurement model is shown 
in Figure 6.2.  The model proved a good fit of the data and met the assumption of 
multivariate normality.  Here, the ‘good eater’ is represented by the socially desirable 
characteristics of higher WAZ, hardly ever refuses food; hardly ever refuses food the 
child usually eats, and is willing to eat unfamiliar foods.  For the variable ‘child 
decides amount eaten’ the direction of the relationship indicated that being a ‘good 
eater’ increased as the responsibility for who decided how much was eaten shifted 
from child to mother.   
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Figure 6.2. A structural equation model in which child characteristics 
represent the construct of the ‘good eater’ (n=331) 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-age z-score calculated using WHO Anthro 32 
How often does your child refuse food? Very often, often, sometimes, hardly ever  
Does your child ever refuse food they usually eat? Hardly ever, yes 
How willing is your child to eat unfamiliar foods? Very willing, willing, neutral, unwilling, very 
unwilling  
Child decides amount of food eaten. Mother only, mostly mother, mother and child equally, mostly 
child, child only 
Maternal perception of her child as a fussy eater was then added to the model, 
which is shown in Figure 6.3.  Measurement error variance of the perception variable 
was fixed to zero, to allow the model to be identified.371  The addition of maternal 
perception as a fussy eater decreased the fit of the model, though there was a strong 
significant negative relationship between the child as a good eater and mother’s 
perception i.e. the child who exhibited socially desirable characteristics (the chubby 
baby who eats well) was not perceived as fussy. Standardised regression co-efficients 
are shown and the model met the assumption of multivariate normality. 
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Refuse food 
usually eat? 
Will... eat un- 
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amount eaten 
 
Fit indices: 
x2/df=2.50, GFI=0.98, CFI=0.96 
RMSEA=0.07 (90% CI=0.02-0.11) 
PLCOSE=0.23 
SRMR=0.04 
*p≤0.05 
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Figure 6.3. A structural equation model representing the relationship between child characteristics and the mother’s perception of the 
child as a fussy eater (n=331) 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-age z-score calculated using WHO Anthro 32 
How often does your child refuse food? Very often, often, sometimes, hardly ever  
Does your child ever refuse food they usually eat? Hardly ever, yes 
How willing is your child to eat unfamiliar foods? Very willing, willing, neutral, unwilling, very unwilling  
Child decides amount of food eaten. Mother only, mostly mother, mother and child equally, mostly child, child only
0.14* 
0.85*** 
-0.58*** 
-0.51*** 
-0.28* 
Refuse food 
usually eat? 
Will... eat un- 
familiar foods 
Child decides 
amount eaten 
Fit indices: 
x2/df=3.26, GFI=0.97, CFI=0.94 
RMSEA=0.08 (90% CI=0 .05-0.12) 
PLCOSE=0.05 
SRMR=0.05 
*p≤0.05, ***p≤0.001 
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6.2.1.1 Relationship between maternal perception of her child as a fussy 
eater, feeding practices and dietary intake 
Feeding practices assessed in the model simultaneously  
A model was tested in which the relationships between ‘maternal perception of 
her child as a fussy eater’ and all three feeding practices were tested simultaneously.   
The model is depicted in Figure 6.4, which for illustrative purposes shows only the 
structural relationships that were tested.  The model was a poor fit (x2/df=3.26, 
GFI=0.90, RMSEA=0.08 (90% CI=0.07-0.10), PLCOSE=0.00, CFI=0.84, 
SRMR=0.09).  
 
Figure 6.4 An illustration which depicts testing the structural relationships 
between maternal perception of her child as a fussy eater and three feeding 
practices simultaneously 
  
Good 
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Feeding practices assessed in separate models  
When assessed separately, the only feeding practice to have a significant 
relationship with maternal perception of her child as a fussy eater was ‘using food to 
calm infant’s fussiness’.  The model, shown in Figure 6.5, was an acceptable fit.  The 
standardised regression co-efficient of 0.16 indicates a small positive relationship 
between mother’s perception of her child as a fussy eater and use of food to calm.  
Only one measure of dietary intake had a significant relationship with mother’s use 
of food to calm – breastmilk intake (measured in grams).  The multivariate critical 
ratio was 6.89, slightly higher than the acceptable value of 5.0, due to the skewed 
nature of breast milk as a variable.  Hence the SEM was retested using breastfeeding 
status (Yes/No) instead of gram intake (model in appendix H, multivariate CR=1.4).  
Results were consistent with the model shown in figure 6.5, with a significant 
positive relationship between use of food to calm and breastfeeding status (Yes), 
β=0.18, p=0.03.  The model fit decreased slightly (x2/df=2.38, GFI=0.96, 
RMSEA=0.07 (90% CI=0.04-0.09), PLCOSE=0.12, CFI=0.92, SRMR=0.06), most 
likely due to the substitution of a continuous variable with dichotomous variable. 
Consistent with the conceptual model, child characteristics → mother’s belief 
→ mother’s practice → child dietary intake; SEM indicated that these relationships, 
lower child WAZ and food refusal → mother perceives her child as a fussy eater → 
use food to calm fussiness → higher intake of breastmilk, are supported by the data.    
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Figure 6.5. A structural equation model representing the thesis conceptual model – relationship between child characteristics, 
maternal perception of the child as a fussy eater, the maternal feeding practice ‘using food to calm infant’s fussiness’, and child 
dietary intake (n=331) 
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Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-age z-score calculated using WHO Anthro 32 
How often does your child refuse food? Very often, often, sometimes, hardly ever  
Does your child ever refuse food they usually eat? Hardly ever, yes 
How willing is your child to eat unfamiliar foods? Very willing, willing, neutral, unwilling, very unwilling  
Child decides amount of food eaten. Mother only, mostly mother, mother and child equally, mostly child, child only  
When your child gets upset, is feeding him/her the first thing you do? Never, rarely, sometimes, often, always 
Feeding my child is the best was to stop him/her being unsettled. Never, rarely, sometimes, often, always 
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6.2.2 Maternal perception of child weight status 
In the previous chapter, multinomial logistic regression was used to determine 
which variables were associated with the second defined feeding belief ‘maternal 
perception of child weight status’ (section 5.2.2.2, Table 5.11, Table 5.9), i.e. WAZ 
and maternal age at child’s birth.  The regression was repeated using SEM (in this 
instance it did not make sense conceptually to introduce a latent variable), and 
subsequent models built by adding the relationships with the three feeding practices 
(awareness of infant’s hunger and satiety cues, feeding infant on a schedule, using 
food to calm infant’s fussiness) and dietary intake variables. 
6.2.2.1 Relationship between maternal perception of child weight status, 
feeding practices and dietary intake 
Feeding practices assessed in the model simultaneously  
A model (not shown) in which the relationships between ‘maternal perception 
of child weight status’ and all three feeding practices were tested simultaneously.   
was acceptable (x2/df=2.61, GFI=0.95, RMSEA=0.07 (90% CI=0.05-0.09) 
PLCOSE=0.02, CFI=0.90, SRMR=0.08, AIC=157.40), though multivariate 
CR=12.42 and Bollen-Stine bootstrap p<0.01, making estimates unreliable.  
Maternal perception of weight status had a weak relationship with use of food to 
calm, β=-0.11, p=0.04, but not ‘awareness of infant’s hunger and satiety cues’ (β=-
0.01, p=0.88) or ‘feeding infant on a schedule’ (β=-0.08, p=0.19).  Given it is more 
parsimonious to present a model with only significant relationships, a model 
including only ‘using food to calm infant’s fussiness’ was used to determine the 
relationship between practice and dietary intake. 
Feeding practices assessed in separate models  
The model in Figure 6.6 shows a weak negative relationship between maternal 
perception of child weight status and use of food to calm i.e. use of food to calm 
increased as mother’s perceived their child in a lower weight category.  One measure 
of dietary intake had a significant relationship with mother’s use of food to calm – 
breastmilk intake (grams).  The model was a good fit, multivariate CR=5.29 and 
Bollen-Stine p=0.79.  Notably, only WAZ remained associated with perception of 
weight status.  Consistent with the conceptual model, child characteristics → 
mother’s belief → mother’s practice → child dietary intake; SEM indicated that 
these relationships, lower child WAZ → maternal perception of weight status: 
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underweight → use food to calm fussiness → higher intake of breastmilk, are 
supported by the data.    
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Figure 6.6. A structural equation model representing the relationship between child characteristics, mother’s perception of child 
weight status, the maternal feeding practice ‘using food to calm infant’s fussiness’ and child dietary intake (n=326) 
Mean(sd) child age 13.8 (1.3) months; 49% male; Weight-for-age z-score calculated using WHO Anthro 32 
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6.2.3 Concern about undereating or becoming underweight 
In the previous chapter (section 5.2.2.3, Table 5.11), hierarchical logistic 
regression was used to determine which variables were associated with a mother’s 
concern about her child undereating or becoming underweight.  These variables, 
child WAZ, ‘how often does your child refuse food’, and ‘does your child refuse 
food they usually eat’, were carried forward into SEM.   
6.2.3.1 Relationship between maternal concern about undereating or 
becoming underweight, feeding practices and dietary intake 
Feeding practices assessed in the model simultaneously  
A model (not shown) was tested in which the relationships between ‘maternal 
concern about undereating or becoming underweight’ and all three feeding practices 
were tested simultaneously.   Fit was poor (x2/df=3.11, GFI=0.93, RMSEA=0.08 
(90% CI=0.07-0.09), PLCOSE=0.00, CFI=0.87, SRMR=0.08, AIC=211.27), hence 
the analysis progressed to assessing feeding practices in separate models. 
Feeding practices assessed in separate models  
 The model examining the relationship between ‘maternal concern about 
undereating or becoming underweight’ and ‘feeding infant on a schedule’ is shown 
in Figure 6.7.  The model was a good fit, with concern about undereating or 
becoming underweight having a weak negative relationship with feeding on 
schedule, which in turn had a negative relationship with breastmilk intake.  
Consistent with the conceptual model, child characteristics → mother’s belief → 
mother’s practice → child dietary intake; SEM indicated that these relationships, 
lower child WAZ and food refusal → ↑mother’s concern about child undereating or 
becoming underweight → ↓feeding infant on a schedule → higher intake of 
breastmilk, are supported by the data.    
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Figure 6.7. A structural equation model representing the relationship between child characteristics, maternal concern about child 
undereating or becoming underweight, feeding infant on a schedule, and child’s dietary intake (n=331) 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-age z-score calculated using WHO Anthro 32 
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How often does your child refuse food? Very often, often, sometimes, hardly ever  
Does your child ever refuse food they usually eat? Hardly ever, yes 
Do you let your child feed whenever s/he want to? Reverse-coded, never, rarely, sometimes, often, always 
Do you only allow your child to feed at set times? never, rarely, sometimes, often, always 
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The final factor to be examined in relation to maternal concern was ‘using food 
to calm infant’s fussiness’.  The model, shown in Figure 6.8, was a good fit 
(multivariate CR=9.43).  There was a significant positive relationship between 
mother’s concern about child undereating or becoming underweight and use of food 
to calm.  Breastmilk intake (grams) was significantly related to use of food to calm.  
Consistent with the conceptual model, child characteristics → mother’s belief → 
mother’s practice → child dietary intake; SEM indicated that these relationships, 
lower child WAZ and food refusal → ↑mother’s concern about child undereating or 
becoming underweight → use of food to calm infant’s fussiness → higher intake of 
breastmilk, are supported by the data.    
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Figure 6.8.  A structural equation model representing the thesis conceptual model – the relationship between child factors, maternal 
concern about child undereating or becoming underweight, the maternal feeding practice ‘using food to calm infant’s fussiness’, and 
child dietary intake (n=331) 
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Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-age z-score calculated using WHO Anthro32 
How often does your child refuse food? Very often, often, sometimes, hardly ever  
When your child gets upset, is feeding him/her the first thing you do? Never, rarely, sometimes, often, always 
Feeding my child is the best was to stop him/her being unsettled. Never, rarely, sometimes, often, always
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6.2.4 Summary of SEM findings (research question seven) 
In this chapter SEM was used to simultaneously assess the relationships 
between a child’s weight and behaviour, maternal beliefs/perceptions, her use of 
three specific feeding practices and child dietary intake.  A summary of the findings 
is provided in Table 6.1. 
Table 6.1 Summary of structural relationships between maternal feeding 
beliefs, practices and child dietary intake, determined by SEM 
Relationship between…  Model fit 
…feeding belief and feeding practice …and intake  
Maternal perception of child as a fussy eater 
Awareness of cues  n/a Poor 
Feeding on schedule  n/a Poor 
Use of food to calm ↑ ↑breast milk 
 
Acceptable 
Maternal perception of child weight status (underweight vs normal weight/ overweight) 
Awareness of cues  n/a n/a 
Feeding on schedule  n/a n/a 
Use of food to calm ↑ ↑breast milk Good 
Concern about undereating or becoming underweight 
Awareness of cues  n/a Poor 
Feeding on schedule ↓ ↑breastmilk Good 
Use of food to calm ↑ ↑breast milk Good 
n/a – not applicable, not tested because no significant relationship between perception and practice 
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6.3 DISCUSSION 
6.3.1 Confirming the conceptual model 
Use of SEM confirmed the conceptual model, child characteristics → mother’s 
belief → mother’s practice → child dietary intake.  Overall it was the leaner, but 
healthy weight child who exhibited food refusal (consistent with neophobia and/or 
self-regulation of energy intake) that was described a fussy eater or prompted higher 
maternal concern about undereating or underweight, and her subsequent use of food 
to calm.   
Within the thesis ‘use of food to calm infant’s fussiness’ was the only feeding 
practice associated with each of the three defined feeding beliefs.  Use of food to 
calm is considered a negative feeding practice in older children,1 because it is 
thought to teach children to eat in response to emotional cues, rather than internal 
cues of hunger.294  Eating in the absence of hunger (EAH) has been associated with 
higher child weight status.402  In the thesis sample, use of food to calm was 
associated with breast milk intake.  Calming may be a consequence of the physical 
contact associated with breastfeeding, and subsequent hormonal response in mother 
and child403, 404 – and have little association with food per se.  Mothers who 
breastfeed are consistently shown to have lower use of controlling feeding 
practices,92, 336, 405 supporting maintenance of the child’s innate ability to self-
regulate energy intake.  Hence offering the breast to soothe distress in a responsive 
feeding environment may have different child outcomes compared to offering food to 
calm in a less-responsive setting.  Also, without direct observation of participants it 
is difficult to determine how much milk transfer was actually occurring on occasions 
of ‘use of breastfeeding to calm’.  Mothers were asked to report the time at the breast 
that the toddler was actively feeding - to minimise the amount of time spent in non-
nutritive sucking when milk transfer is less - since the methodology used to estimate 
breast milk intake (section 3.3.1) assumed a constant rate of milk transfer.   
It is important to note in the context of the overall conceptual model though, 
that the mothers who are using breast milk to calm, are those who are using lower 
child weight and/or food refusal to inform their perception about fussy eating, 
undereating and underweight.  There is the potential for these misplaced concerns to 
lead to unresponsive feeding practices as children get older, in particular, to consider 
what mothers might use to calm a child when they stop breastfeeding.  This finding 
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also supports the conclusion of chapter five - that health professionals can promote 
food refusal as normal in healthy young children, while providing parents with 
ongoing support to understand normal child growth. 
It would not have been surprisingly to find use of food to calm associated with 
intake of discretionary choices, which are perhaps assumed by adults to be an 
effective distraction e.g. the common practice of giving a lollipop at the time of 
children’s immunizations.  However there was no such association in this sample.  
While almost all of the toddlers consumed discretionary foods, overall gram intake 
on 24-hour recall was low (section 4.2.1).  The results also assume accurate reporting 
of discretionary foods and amount consumed may be underreported in attempt to 
portray a child as eating ‘well’ i.e. reporting bias.  These mothers, who are generally 
older and well-educated, also reported low use of inappropriate feeding practices on 
the IFQ8 (section 5.2.1.3).  The true association might be underestimated or only seen 
in a population with higher use of food to calm. 
Investigating this relationship also assumes that mothers are predominantly 
offering a particular food group in order to calm their child.  Both sweet biscuits and 
sultanas were items commonly consumed by the sample (Table 4.2) - these foods are 
readily available in packaging designed for children and are convenient for parents to 
carry with them.  Intake of either of these foods is unlikely to be high enough though, 
to identify a statistically significant association with use of food to calm.  There are 
also limitations associated with use of the IFQ8 and these will be discussed further in 
section 7.3.3. 
6.3.2 The good eater 
As well as being able to run several regression equations simultaneously, an 
advantage of SEM is the ability to study latent variables.  The construct of the ‘good 
eater’, which arose somewhat unexpectedly from the analysis, is an ideal example of 
this.  Though the ‘good eater’ is difficult to define, anecdotal evidence suggests 
parents have a strong desire to raise a child who is a ‘good eater’ and children are 
routinely praised for ‘eating all the food on their plate’.406  When developing the 
SEM related to perception as a fussy eater, a latent variable - the ‘good eater’ - was 
constructed, represented by a child with higher WAZ, that hardly ever refuses food, 
hardly ever refuses familiar food, allows their mother to determine how much they 
eat and is willing to eat unfamiliar foods.  This is consistent with the conceptual 
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model, in that a mother pieces together information about her toddler – lower child 
weight and frequent food refusal i.e. the child is not exhibiting the socially desirable 
characteristics of the ‘good eater’ – and uses this to inform her perception that the 
child is a fussy eater.  In turn, this perception (though misguided, because the 
children are a healthy weight and have an adequate dietary intake) increases her use 
of food to calm the toddler’s fussiness.   
A similar approach has been used to define fussy eating in 4 year old children 
(n=4914) participating in the Generation R study in the Netherlands.407  Latent 
profile analysis was used to define fussy eating using sub-scales from the Child 
Eating Behaviour Questionnaire (CEBQ).408  Approximately six percent of children 
were considered fussy eaters based on high ‘food fussiness’ and ‘satiety 
responsiveness’ and low ‘enjoyment of food’ and ‘food responsiveness’.  This 
approach however, implies these characteristics are negative, which is not 
necessarily true.   More ‘fussy eaters’ were categorised as underweight than ‘non-
fussy eaters’ (19% vs 12%, p<0.05; unadjusted analysis using measured 
anthropometry and BMI z-score).  This highlights the need for health professionals 
and parents to monitor growth appropriately, rather than use food refusal to define an 
eating problem. 
Overall, thesis data showed sound evidence for a model (Figure 6.2), which 
defines the ‘good eater’ - a concept that is potentially very important to mothers in 
their day-to-day interactions with their young child.  This finding emphasises yet 
again, the discrepancy between community and public health concerns - toddlers 
displaying the characteristics of a ‘good eater’ are not perceived as fussy by their 
mother, but these characteristics, especially higher WAZ, may be undesirable in the 
context of obesity prevention.   
6.3.3 A need to improve measurement of feeding practices in toddlers 
This thesis provides little insight into the use of controlling feeding practices as 
a consequence of maternal concern.  In an analysis of 2-4 year old Australian 
children (N=183) using the CEBQ,408 CFQ,241 and Preschooler Feeding 
Questionnaire (PFQ),8 child food fussiness positively predicted maternal pressure to 
eat, a relationship partially mediated by concern about child underweight.333  The 
mothers within the thesis sample also report concerns about food fussiness, 
undereating and underweight, which have the potential to trigger pressure to eat.  
  
Chapter 6: Study significance, strengths, limtations and recommendations 239 
Currently there is no validated measure in children between one and two years of age 
to be able to test this association.  This indicates a need to improve measurement of 
feeding practices amongst mothers of children in the second year of life, particularly 
the range of both positive and negative practices that a mother may employ.  The 
PFQ,8 is an extension of the IFQ8 for use in older children, having being validated in 
a sample of 634 mothers of children 23-60 months.  The PFQ does have a factor 
related to pressure to eat labelled as ‘pushing the child to eat more’ but exhibited 
poor reliability when used with mothers of children aged 1-5 years (mean child age 
(SD)= 3.26(1.35), N=721).409 
‘Feeding on schedule’ was used within the thesis sample as a proxy for control 
i.e. a mother ensures her child eats when, where, and perhaps how much, she wants 
the child to eat.  Higher ‘concern about undereating or becoming underweight’ was 
related to lower use of feeding on schedule, and it is possible that mothers who are 
worried about inadequate intake or weight, are content for their child to be eating at 
any time, rather than attempting to adhere to a schedule.  As discussed in section 5.3, 
feeding on schedule is difficult to interpret as either a positive or negative practice.  
Children feel secure and safe within an environment characterised by “structure and 
routine”85 while small frequent meals allow children to eat according to their natural 
variations in appetite, consistent with the ‘division of responsibility’.105, 258  The 
measurement of the construct ‘feeding on schedule’ could be expanded to better 
delineate between control versus structure and routine.  Also in section 5.3, analysis 
of maternal feeding strategies in response to food refusal indicated that mothers are 
incorrectly interpreting (or ignoring) children’s satiety cues, however the factor 
‘Awareness of infant’s hunger and satiety cues’ performed poorly in all SEM 
analyses.  Since being responsive to a child’s cues of hunger and satiety is thought to 
be key in preserving self-regulatory ability,1 improved measurement of this construct 
amongst mothers of toddlers is necessary to investigate it further.   
As well as the limitations of measurement, the cross-sectional analysis may be 
why there are not a greater number of associations between beliefs and feeding 
practices and child dietary intake.  A mother’s perception of her child at this time 
may prompt concern but it may take a period of time for her to discover what feeding 
practices are successful in reaching her goal e.g. greater food consumed by the child.  
Another cross-sectional study that used SEM examined the relationship between 
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maternal feeding goals, use of feeding practices and child’s subsequent intake of 
fruit, vegetables and discretionary foods.410  Mothers of 3 to 6 year old children 
(N=171) completed the CFPQ282 from which the subscales ‘pressure to eat’, ‘feeding 
for emotional regulation’ and ‘allowing the child to control their food choices’ were 
used to define negative feeding practices.  Maternal goals were related to attitudes 
about healthy eating e.g. “It is important to me that the foods I feed this child contain 
a lot of vitamins and minerals” (rather than maternal beliefs about her child’s 
characteristics).  Negative feeding practices mediated the relationship between 
health-related feeding goals and higher frequency of intake of salty snacks, lollies 
and soft drink. 
6.4 CONCLUSION 
In this cross-sectional analysis, lower relative child weight and food refusal 
were associated with maternal beliefs/concerns about food fussiness, undereating and 
underweight in otherwise healthy children.  In turn, these beliefs/concerns were 
associated with increased use of food to calm the toddler’s fussiness.  Mothers in this 
sample appear to be using breastfeeding as a way to calm their toddler in contrast to 
the common perception that discretionary foods are offered to children in response to 
distress.  Maternal beliefs are an important target for intervention when addressing 
the use of feeding practices, though this research needs to be extended by assessing 
the relationship between maternal beliefs and a more comprehensive range of feeding 
practices used by mothers of toddlers in the second year of life.   
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Chapter 7: Study significance, strengths, 
limitations and recommendations 
7.1 OVERVIEW OF STUDY SIGNIFICANCE AND OUTCOMES 
This thesis begins to fill a “major research gap”1 by investigating the ‘what’ 
and ‘how’ of feeding toddlers during the transition from infant feeding to family 
meals.  It is one of few reports internationally, detailing the dietary intake of toddlers 
aged 12-16 months146 and the results provide insight into the quantity, quality and 
diversity of foods consumed.  With respect to feeding practices, the majority of 
research to date addresses the influence of parenting factors on child outcomes, 
despite the recognition that the parent–child relationship is bi-directional.16  This 
thesis examined factors associated with common concerns mothers have about their 
toddler – fussy eating, growth and perceived low body weight, and what feeding 
practices mothers employ in response to these concerns i.e. how child factors 
influence maternal practices.  The key questions addressed here, but largely 
neglected in the literature, investigated factors associated with maternal beliefs 
related to their child’s eating behaviour and weight status.  There was no Australian 
research regarding maternal perception of child weight in the study target age group 
of 12-16 months.  Determining the factors associated with maternal feeding beliefs 
provides insight into why mothers think the way they do, which is an important target 
for interventions that aim to promote positive early feeding practices.  Health 
professionals can promote responsive feeding, but it is unlikely that mothers will 
change what they do until mis-perceptions regarding inadequate weight and food 
intake are addressed.401  Ongoing education for mothers, fathers and other care-
givers, regarding healthy child growth and food refusal as a typical part of child 
development, is key in addressing these concerns. 
7.2 SUMMARY OF KEY FINDINGS 
7.2.1 Food and nutrient intake  
The first aim of the thesis, to describe and evaluate the food and nutrient intake 
of first-born Australian children aged 12-16 months (N=332), was addressed in 
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chapter four.  Key findings in relation to each research question (section 1.2.2) are 
listed below.   
Research question one 
The daily intakes of the five core food groups as well as unsaturated fats & 
oils, discretionary choices and sweet beverages were described in section 4.2.1.  
Quality of dietary intake could improve within this sample of healthy children and 
several aspects of intake are inconsistent with the Australian Dietary Guidelines.36 
 Prevalence of fruit and vegetable consumption was high (89% and 82% 
respectively) but the amount of vegetables consumed was lower than that 
recommended by the AGTHE,9 with a median intake amongst the sample of 
80g versus 150-225g in the recommended sample daily food patterns for 
toddlers.9 
 Fifteen percent of children in the sample consumed no meat/alternatives, and 
40% of children ate less than 30g meat/alternatives, on 24-hour recall.  Two of 
the most commonly consumed items in this food group – egg and chicken are 
poorer sources of iron compared with red meats. 
 Children are being offered butter as a spread rather than unsaturated choices. 
Restriction of fat intake in toddlers is not recommended however the type of fat 
consumed is important, with respect to cardiovascular health36 and the long-
term development of food preferences.84   
 Children are being exposed to energy-dense, nutrient-poor foods at a very 
young age. Eighty-nine per cent of children in the sample consumed 
discretionary foods.  Median intake of discretionary choices was not excessive 
at 19g but intake of these foods may be underreported (discussed further in 
section 7.3.2.2).  
 Only 15% of children consumed any sweet beverages (including fruit juice). 
Research question two  
Intakes of cow’s milk, breast milk and formula on 24-hour recall were 
described in section 4.2.1.   
 A quarter of the toddlers had an excessive intake of cow’s milk on 24-hour 
recall (≥ 500ml/day), which in combination with low meat intake is a known 
risk factor for iron deficiency.199-202   
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 Within this cohort (mean age of 13.8 months) 30% of children were 
breastfeeding. 
 One-third of children in the sample were having some type of formula on 24-
hour recall, providing a substantial proportion - 28% - of energy intake to those 
consumers.    
 Only two-thirds of children had the maximum diversity score of five, meaning 
they consumed all five core food groups - fruit, vegetables, cereal, 
meat/alternatives, and dairy on 24-hour recall. 
 There was a significant inverse linear relationship between diversity score and 
intake of formula on 24-hour recall, after adjusting for socioeconomic factors 
and child age. 
Research question three  
 Notwithstanding the limitations of assessing nutrient intake via a single 24-
hour recall, intake of energy, protein, calcium and iron were adequate 
compared to the Australian Nutrient Reference Values.71  However 71% of 
children exceeded their EER (section 4.2.2) and the median proportion by 
which children exceeded their EER was 14% (IQR= -4-32). 
 Despite rigorous data collection and cleaning protocols, an estimated 8% of 
mothers might be considered under-reporters and 4% may be over-reporting.      
Research question four  
 There was an association between weight gain (from 4-7 to 12-16 months of 
age) and energy intake (section 4.2.3).  As a group, toddlers in the sample were 
heavier than the WHO reference population,32 with a mean weight-for-age z-
score of 0.58.  Higher EEI on 24-hour recall was positively associated with 
WAZ, as well as more rapid weight gain between baseline assessment at 4-7 
months of age, to second assessment at 12-16 months of age. 
 A quarter of the sample derived >14% of their EEI from discretionary food and 
beverages.  Amount of energy derived from ‘discretionary food and beverage’ 
on 24-hour recall was not associated with weight gain independent of other 
food groups but this level of intake has the potential to displace nutrient dense 
foods.81 
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7.2.2 Maternal feeding beliefs and practices and child eating behaviour 
The second aim of the thesis, to describe maternal feeding beliefs and practices 
and child eating behaviour was addressed in chapter five.  The findings confirm what 
is known anecdotally - that mothers are concerned about food fussiness, undereating 
and underweight in otherwise healthy children.   
Research question five 
Child eating behaviour, namely frequency of food refusal and refusal of 
familiar and unfamiliar foods, was described in section 5.2.1. 
 The prevalence of maternal feeding beliefs regarding food fussiness was 
consistent with other studies78, 261 - 30% of mothers within the thesis sample 
described their child as a fussy eater. 
 Ten percent of mothers categorised their child as being underweight, though 
objective assessment against WHO criteria10 indicated no children in the 
sample were underweight.   
 This analysis also revealed that 30% of the toddlers were overweight/at risk, 
with almost all of these children being perceived as normal weight.  This 
reflects the general trend for parents to underestimate their child’s weight seen 
in other studies,322, 325 and in particular, that parents are poor at identifying risk 
of overweight.329   
 Overall mothers reported a low level of ‘concern about undereating and 
underweight’, and low reported use of feeding on schedule and use of food to 
calm, as measured by the IFQ.8   
 Analysis of maternal feeding strategies in response to food refusal indicates 
mothers are incorrectly interpreting children’s satiety cues.  Two strategies 
used frequently were offering another food that he/she usually likes, and 
encouraging eating by turning mealtime into a game.   
 Thirty percent of mothers reported offering unfamiliar foods only sometimes 
(versus often/very often).   If new foods are not offered regularly a child does 
not have the opportunity for ‘learning to like, liking to eat”185 perhaps 
exacerbating the very behaviour mothers are concerned about i.e. food refusal. 
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7.2.3 Relationship between child dietary intake, eating behaviour and weight, 
and maternal feeding beliefs and practices 
The third and final aim of the thesis was to examine the relationships between 
child dietary intake, eating behaviour and weight and maternal feeding beliefs and 
practices.  This was done in two parts.  First the maternal and child factors associated 
with maternal feeding beliefs regarding food fussiness, undereating and underweight 
(research question six) were described in chapter five.  Then all components of the 
conceptual model were combined using SEM in chapter six, to examine the cross-
sectional associations between child intake, eating behaviour and weight, maternal 
feeding beliefs and maternal feeding practices (research question seven).   
Research question six 
 Three feeding beliefs were defined, 1. Perception of child as a fussy eater; 2. 
Maternal perception of child weight status; and 3. Concern about undereating 
or becoming underweight - with WAZ the only variable consistently and 
independently associated with all three beliefs.   
 Overall, it was the leaner, but healthy weight child who exhibited food refusal 
(consistent with neophobia and/or self-regulation of energy intake) that was 
described a fussy eater or prompted higher maternal concern about undereating 
or becoming underweight.   
 Children who were described as underweight by their mothers were indeed 
leaner (though not underweight) than those described as normal weight.  With 
regard to children who were perceived as overweight compared to those 
considered normal weight, only WAZ was independently associated with 
maternal perception.  It seems only the heaviest children are recognised as 
overweight by their mothers.     
 Mother’s beliefs about fussy eating, undereating and underweight were largely 
independent of the child’s reported dietary intake and sociodemographic 
characteristics. 
Research question seven 
The conceptual model for this thesis proposed that a mother’s use of specific 
feeding practices may not be directly influenced by child characteristics, but rather 
influenced by a mother’s belief about her child’s weight, intake and behaviour.   
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 Use of SEM confirmed the conceptual model, child characteristics → mother’s 
belief → mother’s practice → child dietary intake.  Overall it was the leaner, 
but healthy weight child who exhibited food refusal, that was described a fussy 
eater or prompted higher maternal concern about undereating or underweight, 
and her subsequent use of food to calm.  Use of food to calm was associated 
with higher gram intake of breast milk on 24-hour recall. 
 SEM captured the construct of the ‘good eater’.  The ‘good eater’ is 
represented by a child with higher WAZ, that hardly ever refuses food, hardly 
ever refuses familiar food, allows their mother to determine how much they eat 
and is willing to eat unfamiliar foods.  Toddlers displaying the characteristics 
of a ‘good eater’ are not perceived as fussy by their mother, but these 
characteristics, especially higher WAZ, may be undesirable in the context of 
obesity prevention.   
7.3 STRENGTHS AND LIMITATIONS 
7.3.1 Study design and sampling 
This was a cross-sectional analysis using data from the from the control group 
of NOURISH,69 an RCT evaluating an intervention to promote positive early feeding 
practices, and the observational South Australian Infants Dietary Intake study 
(SAIDI).  The purpose of a cross-sectional survey is descriptive, and is an 
appropriate research design for the collection of prevalence data, such as the 
proportion of children consuming each core food group or proportion of mothers 
reporting concerns about food fussiness, undereating and underweight.  The 
limitations associated with cross-sectional analysis are well recognised, in particular, 
that causal relationships cannot be established.   However, the use of SEM as a 
methodology to support the conceptual model is a key strength of the thesis.   SEM 
has been described as “a specialized causal inference method… for observational 
data”,411 in that indices of model fit assume a temporal relationship between 
variables based on the direction of arrows drawn by the researcher.412   
Both cross sectional and longitudinal studies are required to understand the 
complex and dynamic feeding relationship between mother and child.  One reason 
why this analysis did not identify additional associations between beliefs, practices 
and intake is that a mother’s perception of her child at this time may prompt concern, 
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but it may take a period of time for her to discover what feeding practices are 
successful in reaching her goal, i.e. a longitudinal effect.   Alternatively, children’s 
behaviour changes with time, e.g. food neophobia increases markedly during the 
child’s second year of life, with a peak between two and six years of age.211, 253  
Hence the cross-sectional associations seen between beliefs and practices when 
children are 14 months of age may be very different to those seen in a cross-sectional 
survey at two years, as mothers change and adapt feeding practices to suit their 
immediate concerns.  
The thesis was based on secondary data analysis, hence the data set and choice 
of variables were limited to those used in NOURISH and SAIDI.  It needs to be 
acknowledged that the data was collected specifically to address the research 
questions associated with those studies.  However, participating in a research group 
conducting a dual-site randomised controlled trial provided the candidate with wide-
ranging experience and access to an extensive data set - over 300 mother-child dyads 
recruited using consecutive sampling across two Australian states, with measured 
maternal and child anthropometric data.   
Despite the rigorous sampling method, there was evidence of selection bias in 
the sample.353  Mothers within the thesis sample were slightly older and had a higher 
level of education compared to the national average.  In 2008 42% of Australian 
women who gave birth to their first child were aged 30 years or older413 while the 
mean age of mothers within this sample was 30 years.  Sixty percent of mothers in 
the thesis sample had a university education while the Australian Bureau of Statistics 
reports approximately 35% of women aged 30-34 years held a bachelor degree or 
higher as at the year 2008.414  While these sociodemographic factors are known to be 
predictive of more healthful eating patterns,143 the quality of dietary intake amongst 
the sample is highly variable, with many children eating a diet inconsistent with 
guidelines.  This has implications for future research and clinical practice, which are 
described in section 7.4.  
Family income was reported but is difficult to interpret given inconsistent 
provisions for paid maternity leave in Australia at the time of data collection.  Higher 
income does not necessarily reflect time spent by a mother working outside of the 
home if she is receiving paid maternity leave.  It is not known how a mother’s return 
to work after the birth of a child influences feeding practices, apart from 
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breastfeeding.  Return to work has been cited as a reason for early cessation of 
breastfeeding.415-417  Also, no information was collected from participants as to how 
many people that this income was required to support.  First time mothers were 
recruited into the sample, but it is possible that fathers were required to support 
children from previous relationships or families were caring for other relatives.  Half 
of the mothers reported an annual family income of $70,001 to ≥$100,000.  Median 
gross income in Australia in 2008 for all household types was $67,000, however for 
couples with dependent children, the eldest child being under five years of age, it 
was $90,116418 suggesting that with respect to income, the thesis sample is 
comparable to the population from which the sample was drawn. 
In addition, mothers agreeing to participate in research may be better informed 
regarding the importance of infant nutrition than the general population and this 
sample reported relatively low use of inappropriate feeding practices.  Analysis of a 
sample with a broader educational profile and greater use of unresponsive feeding 
practices may have revealed different associations e.g. linking use of food to calm 
with intake of discretionary choices.   
7.3.2 Measurement of dietary intake 
Inherent limitations of the analyses are those associated with any collection of 
dietary data. “Dietary intake cannot be estimated without error”43 due to the 
limitations of a method and/or participant misreporting as discussed in detail in 
section 2.3.1 of the literature review. 
7.3.2.1 Methods 
The principle use of a single 24-hour recall is to capture the average intake of 
groups,122 as reported in chapter four.  One day of intake per person is considered 
valid for group level estimates132 and is used in population surveys110, 132 to minimise 
participant burden.  However there is the potential for a single day to underestimate 
the proportion of participants who usually consume all five core food groups on a 
particular day, given these food groups ideally form the majority of daily intake.  For 
example a child who did not eat fruit during the 24-hour recall may eat fruit on most 
other days of the week.  The proportion of toddlers who consume all five core food 
groups on the day of the recall is also potentially underestimated due to the allocation 
of mixed dishes.  Mixed dishes are classified in a food group based on their 
predominant ingredient.  For example, 20 toddlers in the sample were consuming an 
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infant food containing “≤10% beef/lamb, ≤15% cereal, plus water and vegetables”.  
Therefore even though the child would have consumed some meat (≤17g in a typical 
170g pouch/jar), this mixed dish was classified as a cereal, and not counted in the 
meat/alternatives food group.  This would have occurred across all food groups.  
Disaggregation of mixed dishes would not have improved estimation of daily gram 
intake of food group as it is not possible to obtain detailed information on the actual 
amounts of each food group and water in commercial products.  One day of intake is 
not valid in estimating usual nutrient intake; hence nutrient data was not carried 
forward into analyses in chapters five and six. 
7.3.2.2 Reporting bias 
A second 24-hour dietary recall may have improved estimates of usual intake 
however multiple recalls do not address the issue of systematic misreporting.43, 123  
Over-reporting of food intake (total amount or specific types of ‘healthy’ foods) by 
mothers may be due to their desire to portray their child as eating well.  Similarly 
underreporting of discretionary choices could be because mothers do not want to be 
seen by researchers as feeding their child ‘unhealthy’ foods i.e. social desirability 
bias.  This may reduce power to identify independent associations between dietary 
intake, beliefs and practices.  Intake may also be mistakenly misreported, due to 
errors in estimating the portion size offered to the child and the amount actually 
eaten e.g. food spillage.  While a thorough data cleaning protocol was implemented 
to minimise errors during entry of recall data into FoodWorks (section 3.3.1.1), 
analysis of usual dietary intake questions estimated at least 8% of participants were 
underreporting and 4% over reporting (section 4.3.3).  However the correlation 
between reported total energy intake, WAZ and change in WAZ over time, lends 
support to the accuracy of dietary data collection.   
7.3.2.3 Non-parental care 
The NOURISH/SAIDI questionnaires collected general information on use of 
non-parental care e.g. early childhood education and care services and/or relatives.  
However no information was collected specifically about care arrangements during 
the 24-hour recall. Mothers were given a booklet, designed by study staff (Appendix 
D), to take with the child to child-care (or given to relatives etc.) so that carers could 
record details of the child’s dietary intake while there.  Then, if the recall did occur 
on the subsequent day the mother could report the child’s intake, despite her absence.  
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While the booklet was designed to improve accuracy of reporting, it does not address 
whether a child’s intake is inherently different in non-parental care.  In the early 
childhood education and care setting this may depend on whether the centre provides 
meals, or whether children bring lunch prepared at home.  The positive or negative 
influence of child-care on children’s intake cannot be determined from NOURISH 
and SAIDI data, but requires investigation in its own right. A qualitative analysis of 
child care workers in the US (n=29) found that they overwhelming encouraged 
children (aged 14-67 months) to eat, in a manner that ignored cues of hunger and 
satiety.406  This is perhaps motivated by a need to report ‘satisfactory’ intake to 
parents upon collecting their child.  In contrast, there is potential for child care to 
improve children’s food preferences via modelling, whereby consumption of fruit 
and vegetables by peers increases a child’s own intake.  
There is also no literature investigating if the intake of very young children 
differs on a weekday versus weekend.  This might be linked to the use of child care, 
given that the intake of older children and adults varies depending on the day of the 
week,419 due to school and work commitments.  It is possible that day-to-day 
variability in intake is less amongst infants with a predominately milk-based diet or 
toddlers while in the transition to family food.  Daily variation in energy intake has 
been shown to be minimal amongst children aged between 2-5 years.127, 237, 238 
7.3.3 Measurement of eating behaviour and feeding practices 
The premise that child behaviour informs maternal beliefs/concerns is limited 
by using maternal report of child behaviour.  If a mother is concerned or frustrated 
about a child refusing food, then it is possible she could unintentionally overestimate 
the frequency of this behaviour.  This would strengthen the positive statistical 
relationship between frequency of food refusal and higher maternal concern, but 
highlights that a mother’s perception of her child is likely to be more influential in 
determining what she does, than the child actual behaviour. 
During the planning stages of NOURISH and SAIDI in 2007, the only 
validated tool for measurement of feeding practices amongst very young children 
was the IFQ.8  However within in this thesis, it provided limited insight into the use 
of feeding practices amongst mothers of toddlers.   The factors did not accurately 
capture additional constructs which may be relevant to the thesis sample – ‘control’ 
versus ‘structure and routine’, and response to children’s satiety cues such as 
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‘pressure to eat’.  Pressure to eat and use of discretionary foods (either restricting 
access to these foods, or use as a reward to shape child behaviour) have been studied 
extensively in older children,8, 241, 282, 305 but not in toddlers aged 12-16 months.  A 
validated tool is needed that assesses practices used by mothers in response to food 
refusal (due to self-regulation of energy intake and/or neophobia) in their child’s 
second year of life.   
‘Use of food to calm’ does not distinguish between use of food, bottle feeding 
or breastfeeding to calm.  The items which form this factor state ‘when your child 
gets upset, is feeding him/her the first thing you do?’ and ‘feeding my child is the 
best way to stop him/her being unsettled’.  The relevant section of the NOURISH 
and SAIDI questionnaires began by stating “feeding refers to breastfeeding, bottle 
feeding and formula feeding, as well as solid and semi-solid feeding” but it is unclear 
if mothers interpreted the questions this way.  Use of food to calm was associated 
with breastmilk intake only, and no other food group.  Use of an item such as ‘when 
your child gets upset, is offering him/her food the first thing you do?’ thereby 
distinguishing between food and feeding, may provide greater insight into what 
mothers are doing and subsequent positive or negative effects of practices on child 
outcomes.    
Analysis of maternal feeding strategies in response to food refusal indicated 
that mothers were incorrectly interpreting (or ignoring) children’s satiety cues; 
however data was only available for half the thesis sample.  When asked ‘does your 
child refuse food they usually eat?’, only mothers who responded ‘yes’ were 
subsequently directed to rate their use of specific feeding strategies.  These practices 
such as ‘insist your child eats’, ‘offer a milk drink’ and ‘turning mealtime into a 
game’ might well be used by mothers regardless of whether the child refuses food.  
They may be such commonly used strategies, that the mother is able to answer 
‘hardly ever’ to ‘does your child refuse food they usually eat?’ since she doesn’t give 
her child the opportunity to refuse i.e. pressure to eat.  A question could have been 
directed to the whole sample, such as ‘Rate how often you...’.  If data had been 
available for the entire sample, then these variables may have been carried forward 
into SEM and provide further insight into the use of particular feeding strategies.   
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7.4 IMPLICATIONS FOR RESEARCH AND PRACTICE 
7.4.1 Research directions 
Quality of dietary intake could improve within this sample of first-born 
children (of whom 30% are overweight/at risk10), with predominantly well-educated, 
older mothers.  This should prompt real concern about the dietary intake of a 
representative sample of Australian toddlers given the established link between 
dietary quality and socioeconomic status.218, 219, 221, 420  Quality of intake has also 
been shown to decline amongst second and subsequent children.3  National nutrition 
surveys should include children from 12 months of age, as nationally representative 
data are needed.  While acknowledging the scope of resources required to collect and 
analyse nationally representative data, ideally a sufficient sample size would be 
collected to allow exploration of this transition phase during which considerable 
changes in intake and eating behaviour occur, i.e. 12-14, 15-17, 18-20 and 21-23 
months of age.  Representative intake data could be used to further develop the 
foundation diets for  children aged 13-23 months,95 rather than extrapolating from the 
food intake patterns of 2–3 year olds.39 
Longitudinal analysis is warranted (and will be conducted using data from this 
sample), to determine if intake of formula at an age when it is not recommended by 
infant feeding guidelines54 is displacing core foods and limiting the long-term 
development of dietary diversity.   
This thesis can inform the development of interventions, targeting maternal 
perception as a strategy in the prevention of childhood obesity, in addition to 
maternal practices.6  Mothers are concerned about food refusal and lower relative 
child weight, characteristics which may be advantageous in preserving ability to self-
regulate intake and support normal child growth.  Qualitative research421 assessing 
parental concerns about food refusal, child weight and use of formula in the second 
year of life, would contribute to health professionals understanding, and in turn, their 
education of parents about typical child development.    
Parents of toddlers and their health-care providers need evidence based 
guidelines1, 422 however current infant feeding guidelines54 emphasise ‘what’ foods to 
offer young children and provide little information on ‘how’ toddlers should be fed.  
A validated tool is needed that assesses a comprehensive range of feeding practices, 
which may be used by mothers in their child’s second year of life.  The ‘feeding 
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practices and structure questionnaire’250 which was constructed and validated in first-
time mothers participating in NOURISH when the children were two years old, is 
currently being validated in children aged one-to-two years by the NOURISH 
research team (Elena Jansen, personal communication, August 2014).  Research 
findings from studies investigating what feeding practices support toddlers self-
regulation of energy intake could be translated into practical advice on ‘how’ to feed 
young children within future editions of dietary guidelines. 
7.4.2 Clinical practice 
Research investigating low-income African American women’s expectations of 
feeding their toddler made this conclusion.  “Most of the current teaching for 
mothers is aimed at improving knowledge related to nutrient requirements of 
toddlers. While this focus on knowledge is beneficial, it is limited when low-income 
family priorities are taken into consideration.  Factors such as cost, palatability and 
convenience in preparation and serving appear to be important in this target group. 
To be successful in helping mothers and toddlers develop healthy mealtime patterns, 
and ultimately healthy self-control of eating, professionals need to be ... skilled at 
alerting mothers to the natural progression that toddlers go through in developing 
eating skills ... By understanding strengths and challenges perceived by mothers in 
the mealtime environment, professionals and intervention staff are better able to 
tailor materials to the specific needs of mothers”.423  The results presented within 
this thesis support the argument that the word ‘low-income’ be removed and this 
sentence applied to the mothers within the thesis sample and to mothers of young 
children generally - ‘while a focus on knowledge is beneficial, it is limited when 
family priorities are taken into consideration’.  Health professionals do need to 
understand the strengths and challenges ‘perceived’ by mothers while feeding.   
Health professionals need to explicitly ask what mothers are concerned about 
and not assume it is related to the type or amount of food eaten.  The children 
perceived as fussy within this sample were eating an adequate amount of food, but 
food refusal i.e. not eating an amount the mother thinks is adequate, was important.  
Hence practitioners need to assess several things, mother’s perception of child 
weight and intake, her expectations around child intake, and the child’s actual weight 
and intake.  Health professionals can promote food refusal as normal in healthy 
young children and even desirable in today’s obesogenic environment.  Mothers need 
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to be encouraged to think of food refusal within the context of normal child 
development, asking ‘is my child refusing food right now, because they have had 
enough?’ i.e. self-regulation; or ‘is this a new food?’ i.e. neophobia, in which case 
repeated neutral exposure improves acceptance.258  Health professionals can consider 
how jargon, such as ‘self-regulation’ and ‘neophobia’, can be translated into 
accessible advice for the worried parents of toddlers.  This may start with avoidance 
of the term ‘fussy’, which is inherently negative and is not helpful in directing 
parents in how to respond to their child’s food refusal.  Having firmly established 
eating behaviour within the context of typical child development, practitioners may 
also inform mothers what signifies a clinical problem that requires investigation.   
Parents also need support to understand normal child growth.  This means 
thorough and ongoing discussion of growth charts.  The current emphasis on intense 
monitoring of child weight in the early months of life - with higher weight gains 
being perceived as better by both parents and health professionals - is increasing 
obesity risk.  Instead, routine monitoring of weight and height, along with 
behavioural and developmental milestones, throughout infancy and childhood should 
be the norm.  Toddlers currently have health checks at 12 and 18 months to coincide 
with the Australian vaccination schedule.424  Consultation is required with child 
health nurses and GPs to ensure that growth is monitored and documented at these 
time points and importantly, appropriate action taken.  At a minimum, this can begin 
with systematic education of health professionals (and tertiary students) regarding 
the disadvantages of rapid weight gain in the first two years of life,11, 24-26 and 
promoting the WHO growth standards32 as their key tool in identifying risk of 
overweight early in life.  This will also require well-defined referral pathways so that 
if a concern with growth is identified, families have access to services providing 
preventative care and treatment.  Prevention of childhood obesity may ultimately 
depend on a cultural shift in attitudes to weight gain in early childhood.  This shift 
can be led by health professionals. 
There is however, still a need for improving dietary knowledge amongst 
mothers of toddlers.  The findings regarding limited intake of vegetables and lean 
meats, exposure to saturated fats and discretionary foods, as well as limited dietary 
diversity in some children, indicate there needs to be greater emphasis on ‘quality’ of 
foods offered.  Consumer education with an emphasis on quality of intake, rather 
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than quantity, is consistent with the ‘division of responsibility’.105, 258  This may help 
practitioners highlight the need for children to have exposure to a variety of foods for 
the long-term development of healthy food preferences and prevention of chronic 
disease, while assisting parents to accept that food refusal and not eating in the 
typically developing toddler are normal.   
7.5 CONCLUSION 
This PhD research provides the first detailed data on the dietary intake of first-
born Australian children aged 12-16 months.  Overall, quality of food intake could 
improve within this sample of first-born children, with predominantly well-educated, 
older mothers.  Given these demographic factors are associated with more healthful 
dietary patterns in children under two years of age,143 investigation into the dietary 
quality of a representative sample of Australian toddlers is urgently needed.   
Mothers are concerned about food fussiness, undereating and underweight in 
otherwise healthy children, interpreting the food refusal consistent with typical 
toddler development as problematic.  These concerns are inconsistent with the excess 
energy intakes and prevalence of overweight/at risk amongst children within the 
sample.  Health professionals have a key role in advocating a cultural shift in 
attitudes toward weight gain in infancy, promoting routine growth monitoring, 
adequate but not rapid weight gain, and the ‘division of responsibility’105, 232, 258 in 
feeding.   To do this, practitioners need to understand why mothers think the way they 
do.  This thesis provides health professionals with unique insight into the beliefs and 
concerns of mothers, who seek empathy and guidance in perhaps their most 
challenging and rewarding task – raising a child.   
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Appendix A: Search strategy for literature 
review 
Information was obtained for the literature review by using EBSCOhost to 
search Medline, CINAHL with full text, PsycINFO and Academic Search Elite.   The 
initial searches, conducted in 2008 obtained articles published from January 1980 
through 2008 using the search statements listed below.  Articles were limited to 
human studies. The searches were repeated every 12 months throughout the part-time 
candidature (limited to show only the previous year’s results).  The final search was 
conducted in April 2015.  Wherever possible, citations were exported directly to and 
managed using EndNote X4.0.2 – X7.0.1. 
Search statements: 
(infant OR toddler) AND (overweight OR obesity) 
(infant OR toddler) AND “feeding guidelines” 
(infant OR toddler) AND “diet* assessment method*” 
(infant OR toddler) AND (food OR nutrient) AND intake 
(infant OR toddler) AND “sweet* beverage”  
(infant OR toddler) AND iron 
(infant OR toddler) AND (fruit OR vegetable) 
(infant OR toddler) AND diet* AND (quality OR diversity) 
(infant OR toddler) AND energy AND self- regulation  
(infant OR toddler) AND (picky OR fussy OR neophobia)  
(infant OR toddler) AND food AND preference* 
(infant OR toddler) AND style AND (parenting OR feeding)  
(infant OR toddler) AND feeding AND (maternal OR mother) AND (belief OR 
practice) 
(infant OR toddler) AND feeding AND (maternal OR mother) AND control 
“Child diet quality” AND parent* perception 
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(infant OR toddler) AND (food OR nutrient) AND intake AND parent* perception 
(infant OR toddler) AND (weight OR growth) AND (concern OR perception)  
(infant OR toddler) AND feeding AND temperament  
(diet* OR food) AND “structural equation modelling” 
 
Additional strategies included: 
 Names of key authors were searched for e.g. Birch L.L, Baughcum, A. E., 
Wardle, J., Cooke, L., and Satter, E. 
 Relevant articles in the reference lists of published papers that were not 
identified by the above search strategy were obtained. 
 Automatic alerts were set up so that the candidate received the table of contents 
with each new edition of key journals. 
 The Cochrane Library was searched for any relevant reviews and this search 
repeated every 12 months. 
 The websites of relevant associations, societies, colleges and government bodies 
were accessed or searched as required, e.g. ABS, Australasian Child and 
Adolescent Obesity Research Network (ACAORN), WHO, NH&MRC. 
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Media coverage: 
2014 
On publication of the candidate’s article ‘Food and beverage intake in 
Australian children aged 12–16 months participating in the NOURISH and SAIDI 
studies’ in August 2014, the ANZJPH and QUT distributed media releases.  
Interviews were completed: 
 In-person for National Nine News, 7th August  
 Telephone interview with print journalist Leah McLennan at AAP  
 Subsequently quoted in newspapers, The Australian, The West Australian, Herald 
Sun, Ballarat Courier, Newcastle Herald, Illawarra Mercury Weekend Post 
(Cairns) and Townsville Bulletin, and on 612 ABC radio in Brisbane 
2012 
The Dietitians Association of Australia selected the candidate’s abstract from 
amongst those submitted to the 2012 International Congress of Dietetics, to be the 
subject of a media release promoting the congress and Dietitians.  The following 
interviews were completed as a result. 
 “Stop overfeeding your kids: experts. Why parents are being advised to trust their 
kids’ appetite instincts”.  Body & Soul lift-out, The Sunday Mail newspaper 
and website, 18th November 
http://www.bodyandsoul.com.au/parenting+pregnancy/parenthood/stop+overf
eeding+your+kids+experts,20969 
 Telephone interview for ABC Radio National News, 5th September  
 Live telephone interview with Paul Murray, Radio 6PR Perth, 4th September  
 Telephone interview with journalist Kate Emery, published in The West 
Australian Newspaper and website, 4th September 
http://au.news.yahoo.com/thewest/a/-/newshome/14745048/mums-fail-to-see-
their-kids-as-fat/ 
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 Live telephone interview with Sandy Eloisé, ABC News Radio drive program, 3rd 
September  
 Pre-recorded interview for 2GB Radio News, 3rd September  
 Interview with journalist Janelle Miles published in The Courier Mail newspaper 
and website, 3rd September 
http://www.couriermail.com.au/news/queensland/toddlers-grow-fat-on-
mums-diet-of-love/story-e6freoof-1226463413854 
 Pre-recorded interview with Dr John D’Arcy’s ‘Health Matters’ radio program, 
syndicated to approximately 50 stations across Australia, 27th August 
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Continuing professional development: 
 Review of articles on invitation from Pediatrics, Public Health Nutrition, 
Nutrition Research Reviews and PLOS One 
 ‘Sessional Career Advancement Development’ program, QUT, March 2015 
 ‘Teaching Advantage – Preparing Future Academics’, 3-day course initiated by 
the QUT business school, to develop teaching skills in PhD candidates, 
November 2014 
 Workshop ‘A consistent approach to analysing nutrition data from the Australian 
Health Survey’, 24 July 2014. The Charles Perkins Centre, University of Sydney 
 ‘Advanced Structural Equation Modelling with AMOS’, 5-day short course in 
the Australian Consortium for Social and Political Research Inc. Summer 
Program, 2014.  Hosted by the University of Melbourne 
 ‘Fundamentals of Structural Equation Modelling’, 5-day short course in the 
Australian Consortium for Social and Political Research Inc. Spring Program, 
2012.  Hosted by the University of Queensland 
 Critical and Creative Thinking – ATN More, modules online for research 
education.  Australian Technology Network of Universities, 2011 
 Research writing workshop with Dr Vivienne Mawson, IHBI, 2008 
 Participation in fortnightly Early Childhood Nutrition journal club and writing 
tutorials with QUT staff and HDR students 
 
Coursework completed: 
Advanced Information Retrieval Skills, Semester 1 2008, result: 85% 
Fundamentals of Epidemiology and research design, Semester 1 2008, result: 72% 
Health Statistics, Semester 1 2009, result: 84% 
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Appendix C: NOURISH and SAIDI 
Questionnaire sections 
 
YOUR BABY’S NATURE 
 
 
 
1. For each statement please circle one number which best describes your baby at the 
present time: 
   Varies    
 Almost 
never 
Not 
often 
Usually 
does not 
Usually 
does Frequent 
Almost 
always 
My baby is pleasant (smiles, laughs) 
when first arriving in unfamiliar places 
(friend’s house, shop) 
1 2 3 4 5 6 
My baby stays still during procedures 
like hair brushing and nail cutting 
1 2 3 4 5 6 
My baby makes happy sounds (coos, 
smiles, laughs) when being changed or 
dressed 
1 2 3 4 5 6 
My baby is fretful on waking up and/or 
going to sleep (frowns, cries) 
1 2 3 4 5 6 
My baby’s first reaction (at home) to 
approach by strangers is acceptance 
1 2 3 4 5 6 
My baby accepts regular procedures 
(hair brushing, face washing etc) at any 
time without protest 
1 2 3 4 5 6 
My baby amuses self for ½ hour or more 
in cot or playpen (looking at mobile, 
playing with toy etc) 
1 2 3 4 5 6 
My baby accepts within a few minutes a 
change in place of bath or person giving 
the bath 
1 2 3 4 5 6 
My baby can be distracted from fretting 
or squirming during a procedure (nail 
cutting, hair brushing etc) by a game, 
singing, TV etc 
1 2 3 4 5 6 
My baby continues to cry in spite of 
several minutes of soothing 
1 2 3 4 5 6 
My baby’s first reaction to seeing a 
doctor or infant nurse is acceptance 
(smiles, coos) 
1 2 3 4 5 6 
My baby cries when left to play alone 1 2 3 4 5 6 
 288 Appendix C: NOURISH and SAIDI Questionnaire sections 
 
 Food Refusal And Food Fussiness 
 
1. “Compared to other children of similar age, my child is very easy to feed”. How much do 
you agree with this statement? Please tick one box. 
1 2 3 4 
Strongly agree Agree Disagree Strongly disagree 
2. How often does your child refuse food? Please tick one box. 
1 2 3 4 
Very often Often Sometimes Hardly ever 
3. Do you think your child is a picky or fussy eater? Please tick one box. 
1 2 3 4 
Very picky Somewhat picky Not picky Not sure 
Please respond to each of the following questions regarding your child’s current eating 
style, by ticking one box per question.  
4. How willing is your child to eat unfamiliar foods?  
1 2 3 4 5 
Very willing Willing Neutral Unwilling Very unwilling 
5. How often is your child offered unfamiliar foods? 
1 2 3 4 5 
Very often Often Sometimes Almost never Never 
6. How many times do you offer a food to your child before deciding whether s/he likes the 
food? 
1 2 3 4 5 
Once Twice 3-5 6-10 11+ 
7. Who decides what your child eats – you or your child?  
1 2 3 4 5 
You only Mostly you You and your 
child equally 
Mostly your 
child 
Your child only 
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8. Who decides how much food your child eats – you or your child?  
1 2 3 4 5 
You only Mostly you You and your 
child equally 
Mostly your 
child 
Your child only 
9. How do you respond if your child refuses a food that they have not tried before?  
Please circle one number per row: Never Not often 
Some- 
times 
Often 
Assume your child doesn’t like it and do not 
offer again 
1 2 3 4 
Next time, mix it with other foods and 
disguise it 
1 2 3 4 
Offer this food again, with another food my 
child likes 
1 2 3 4 
10. Does your child ever refuse food they usually eat? 
0 Hardly ever   Please move to section D  
1 Yes  When your child refuses food they usually eat, do you…..? 
Please circle one number per row: Never Not often Some-times Often 
Most of 
the time 
Insist your child eats it 1 2 3 4 5 
Offer a milk drink instead 1 2 3 4 5 
Offer another food/s that s/he usually likes 1 2 3 4 5 
Encourage to eat by turning mealtime into a game 
e.g. pretending loaded spoon is an aeroplane  
1 2 3 4 5 
Encourage to eat by offering a food reward e.g. 
dessert  
1 2 3 4 5 
Encourage to eat by offering a reward other than 
food 
1 2 3 4 5 
Offer no food until next usual meal or snack time 1 2 3 4 5 
Accept that your child may not be hungry and take 
the food away  
1 2 3 4 5 
Punish your child in some way  1 2 3 4 5 
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 FEEDING YOUR CHILD 
 
Feeding refers to breastfeeding, bottle feeding and formula feeding, as well as solid and 
semi-solid feeding. 
11. Please read each of the following and circle one number per row that best describes 
the way you feed your child. 
 Never Rarely 
Some– 
times 
Often Always N/A 
Do you let your child feed whenever s/he 
wants to? 
1 2 3 4 5  
Do you worry that your child is not feeding 
enough? 
1 2 3 4 5  
Do you only allow your child to feed at set 
times? 
1 2 3 4 5  
When your child gets upset, is feeding 
him/her the first thing you do? 
1 2 3 4 5  
Do you worry that your child is feeding too 
much? 
1 2 3 4 5  
Is it a struggle to get your child to feed? 1 2 3 4 5  
Do you get upset if your child feeds too 
much? 
1 2 3 4 5  
Do you talk or sing to your child while you 
feed him/her? 
1 2 3 4 5  
Have you put infant cereal in your child’s 
bottle so s/he sleeps longer at night? 
1 2 3 4 5 6 
Do you hold your child when giving him/her a 
bottle? 
1 2 3 4 5 6 
When your child was under 4 months of age, 
did s/he want more than just formula and/or 
breastmilk?  
1 2 3 4 5  
Have you put cereal in your child’s bottle so 
s/he stays full longer? 
1 2 3 4 5 6 
12. Please read each of the following and circle one number per row that best describes 
how much you agree or disagree with each statement. 
 Never Rarely 
Some-
times 
Often Always 
If I did not encourage my child to feed, then 
s/he would not eat enough 
1 2 3 4 5 
Feeding my child is the best way to stop 
him/her being unsettled 
1 2 3 4 5 
I know when my child is hungry 1 2 3 4 5 
I am worried that my child will become 
underweight 
1 2 3 4 5 
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 Never Rarely 
Some-
times 
Often Always 
I know when my child is full 1 2 3 4 5 
My child knows when s/he is hungry 1 2 3 4 5 
I am worried that my child will become 
overweight 
1 2 3 4 5 
My child knows when s/he is full 1 2 3 4 5 
 
 CHILD HEALTH ISSUES  
 
Do you think your child is…? Please tick one box. 
     
Underweight Normal weight Somewhat 
overweight 
Very 
overweight 
Don’t know 
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 YOU AND YOUR WEIGHT 
 
The following section contains questions specifically about you.  Please answer them as 
honestly as you can by ticking one box for each question. 
How much more or less do you worry about your weight and body shape than other women 
your age?  I worry… 
1 2 3 4 5 
A lot less than  
other women 
A little less than 
other women 
About the same  
as others 
A little more than 
other women 
A lot more than 
other women 
How afraid are you of gaining 1.5kg? 
1 2 3 4 5 
Not afraid of 
gaining 
slightly afraid of 
gaining 
Moderately 
afraid of gaining 
Very afraid of 
gaining 
Terrified of 
gaining 
When was the last time you went on a diet? 
1 2 3 4 5 6 6 
Never been 
on diet 
Over a  
year ago 
About a  
year ago 
About 6 
months ago 
About 3 
months ago 
About one 
month ago  
I’m now  
on a diet 
Compared to other things in your life, how important is your weight to you?   
My weight is… 
1 2 3 4 
…not important 
compared to other 
things in my life 
…a little more 
important than some 
other things 
…more important 
than most, but not all 
things in my life 
…the most important 
thing in my life 
Do you ever feel fat? 
1 2 3 4 5 
Never Rarely Sometimes Often Always 
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Appendix D: 24-hour dietary recall tools 
Excel spreadsheet: recording telephone-administered three-pass 24-hour recall 
 
 
 
 
24hr recall 
spreadsheet DATE: 
comments... Time
List of foods 
& drinks
Detail
Amount 
Eaten
Notes
eg. sleeping 
10-12
7am farex
brands/types/cooking methods/additions etc 
-What was the brand and type of xxxx?   
-How was it made/cooked?
-Was anything added to it? 
-How much was eaten?
Also include recipes with total recipe quantities 
here
tsp, Tbsp, 
mL, g, cm, 
fractions
PASS 1 PASS 2
PASS 3
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Salt and Sugar Usage 
A. How often do you add salt when cooking food that [infant name ] eats?  not for exclusive Breast or Bottle feeding
1 – Never 
2 – Occasionally 
3 – About half the time 
4 – Often 
5 – Always  
B. How often do you add salt to [infant name ]’s food at the table? not for exclusive Breast or Bottle feeding
1 – Never
2 – Occasionally
3 – About half the time
4 – Often
5 – Always 
C. How often do you add sugar to fruit that [infant name ] eats? not for exclusive Breast or Bottle feeding
1 – Never
2 – Occasionally
3 – About half the time
4 – Often
5 – Always 
D. How often do you add sugar to anything else that [infant name ] eats? not for exclusive Breast or Bottle feeding
1 – Never
2 – Occasionally
3 – About half the time
4 – Often
5 – Always 
Vitamins, Minerals & other Supplements
Did [infant name ] have any Vitamins, Minerals or other Supplements? Y/N
Details: or "see above"
Usual Intake 
E. Was the amount that [infant name ] ate yesterday different to usual? 
1 – Usual 
2 – Less than usual  
If Less than usual: 
2.1 – Illness (teething, cold etc) 
2.2 – Special occasion (birthday, outing etc) 
2.3 – Not hungry 
2.4 – Refused to eat 
2.5 – With another carer 
2.6 – Some other reason ->please specify reason for reduced intake: 
3 – More than usual: 
If More than usual 
3.1 – Special occasion (birthday, outing etc) 
3.2 – Very hungry 
3.3 – With another carer 
3.4 – Some other reason -> please specify reason for increased intake: 
4 – I don’t know 
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Baby’s Food Diary - 
when at childcare or not with Mum or Dad 
 
This baby is involved in the nourish project, run by researchers at QUT and 
Flinders University. As part of the project, we are asking families to record 
what their baby is eating.  As childcare and other carers play an important 
role in bringing up children nowadays, we are asking you to help us by filling 
in this food diary.  Your role in this research is greatly appreciated. 
 
We ask that you record the amounts of foods and drinks the baby has when 
in your care. Please provide as much detail as you can about the foods that 
the baby is eating.  This includes the brand, type, cooking/preparation 
method & anything added to the food or drink (e.g. butter, milk, water).  An 
example is provided for you on the first page. 
 
Thank you for assisting us in this research project.  Please do not hesitate to 
contact the nourish team if you have any questions; the details are on the 
back page. 
Please keep this 
diary with me when 
I’m not in Mum or 
Dad’s care! 
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Below is an example of how to complete the food record. 
DATE: 14th / May / 2009   Please circle the day completed:  
Monday / Tuesday / Wednesday / Thursday / Friday / Saturday / Sunday 
 
* teaspoon (tsp), tablespoon (tbsp), g, mL, cm, scoop (for formula) 
Time EXAMPLES 
Description of foods and drinks 
     Mixed food ingredients with amounts 
Amount 
eaten 
Measure * 
7am Baby rice cereal: 1 tbsp tap water, 1 tbsp Farex 
baby rice cereal  
5 tsp 
Mashed banana 3 tsp 
9am Amyson Baby Mum Mum Original Rice Rusk  2 cm 
9.30am Boiled tap water 20 mL 
10am Formula:150mL tap water ,2 scoops S26 
Progress Step 2 
125 mL 
12.30pm Heinz tin pureed Lamb & Vegetables 4-6mth 1/4 Small tin 
(120g) 
12.30pm Only Organic First Thirst Apple dew 50 mL 
2.30pm Boiled tap water 60 mL 
3pm Mashed pear &  
Pauls natural set yoghurt full fat 
2 
3 
tsp 
tsp 
4pm Expressed breast-milk 100 mL 
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DATE: ___ / ___ /_____  Please circle the day completed:  
Monday / Tuesday / Wednesday / Thursday / Friday / Saturday / Sunday 
Time 
Description of foods and drinks 
Mixed food ingredients 
 with amounts 
Amount 
eaten 
Measure * 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
* teaspoon (tsp), tablespoon (tbsp), g, mL, cm, scoop (for formula) 
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Thank you for completing this food diary for the baby in your care.  
Please return this diary to the baby’s family. 
 
 
 
 
IHBI –QUT Kelvin Grove Campus 
GPO Box 2434 
BRISBANE QLD 4001 
Mobile: 0449 978 064 
 
Nourish  
Dept of Nutrition and Dietetics 
Flinders University 
GPO Box 2100 
ADELAIDE SA 5001 
08 8204 6303 
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Appendix E: Food grouping 
Food survey ID Food name 
Fruit  
16101001-16901003 Fruit – fresh, canned or dried 
32301001-32301031  Fruit packaged as commercial infant food 
Vegetables  
23203002 Gherkin 
24101001-24101014 Potato, boiled 
24103001-24103019 Potato, mashed/baked 
24201001-25204005 Vegetables, beans and lentils, tofu 
23203003-23203004 Olives 
32302001-32302008 Vegetables packaged as commercial infant food 
21105012 - 21107001 Vegetable soups 
Meat/alternatives  
15101001-15501045 Fish, all types, grilled or cooked in unsaturated oil 
15501047-15606001 Fish cake, prawns, squid 
18101001-18903032 Beef, lamb, pork, ham, bacon, veal, kangaroo, poultry 
18903036-18904002 Crumbed chicken cooked in unsaturated oil 
21101005-21101006 Soups with meat or seafood 
21102001 & 21102004 Chicken soups 
32303001-32303023 Meat/fish/chicken packaged as commercial infant food 
17101001-17201012 Egg and omelettes 
22101001-22204021 Nuts and seeds (excluding coconut) 
 302  
Food survey ID Food name 
Cereal  
12101001-12305014 Oats, rice, bread (all types) 
12306001-12306004 Bread with dried fruit 
12307001-12602003 Pasta, noodles, breakfast cereal, porridge 
13204001-13204011 Rice cakes 
13305001-13305010 Scones 
13502001-13502063 Sandwiches 
13504001-13507002 Pasta and rice based dishes 
13606001-13606002 Crumpets 
21105010 Reconstituted soup 
26202002 Plain popcorn 
32201001-32201010 Infant cereals, rice based or mixed grain 
32203001-32203003 
32303002-32303003 
Commercial infant dinner where cereal is the predominant 
ingredient 
Dairy  
19101001-19109002& 
19114001-19114004 
Cow’s milk, full fat, reduced fat and skim 
19111001 & 
19112001-19112002 
Powdered cow’s milk 
19601001-19602002 Custard 
19111001-19114004 Milk, cow/sheep/goat, including fresh and powder 
19201001-19216008 Yoghurt, buttermilk 
19401001-19403001& Cheese, all types except cream cheese 
19405001-19408002  
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Food survey ID Food name 
20101001-20108001 Soy beverages, oat milk, rice milk 
20204001-20204004 Reduced fat soy beverages 
20301001 Soy cheese 
20502001-20504004 Soy yoghurt 
32304001-32305001 Custard/yoghurt packaged as commercial infant food 
Unsaturated Fats and Oils 
14301001 – 14304001 Monounsaturated and polyunsaturated margarines 
14306001-14404002 Monounsaturated and polyunsaturated oils 
Discretionary items  
11101001-11208002 Tea and coffee 
12305015-12305030& Sweet buns, with icing or chocolate chips 
12306005-12306007  
13101001-13203007 Biscuits, sweet or savoury 
13301001-13304018 Cake 
13306001-13501035 Croissants, sweet pastries, quiche, pie, pizza 
13601001-13605001 Pancakes, doughnut 
13503008 & 18903003 McDonald’s hamburger and chicken nuggets 
15501046 Battered, deep fried fish 
24102001-24102037 Potato chips and hash browns 
26101001-26202001 Potato crisps, corn chips  
26202003-29503001 Sugar, honey, jam, chocolate, lollies, muesli bars  
31101001-31503006 Yeast spreads, salt, spices, stock 
11801003 Milo powder 
32307001-32307004 Infant biscuits, rusks 
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Food survey ID Food name 
30102001-30105002 Oral supplement powders e.g. Sustagen 
32306001-32306002 Infant gels 
14101001-14603002 Butter, dairy blends, ghee 
14305001, 14305002 Cooking margarine 
14501001-14603002 Lard, copha, palm oil 
19301001-19307001 Cream and sour cream 
19404001-19404006 Cream cheese 
19501001-19507002 Ice cream and ice confection 
19702001-19704003 Mousse, pudding, cheesecake 
22203001 Coconut cream  
22203005-22203007 Coconut milk 
22204022-23106012 Gravy, sauces 
23201002-23203001 Chutney 
23203007-23401002 Dressings, mayonnaise 
Sweet beverages  
11301001- 11604001 Fruit juice, fruit drink, cordial, soft drink 
11803001-11805002 Flavoured milk 
19801001-19807001 Milkshakes and thick shakes 
20202001-20202004& Flavoured soy beverages 
20204005-20204006  
32401001-32401006 Juice packaged as commercial infant drink 
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Appendix F: Results of bivariate analyses -
relationships between maternal and child 
factors, and maternal feeding beliefs 
regarding food fussiness, undereating and 
underweight 
As described in section 3.4.2.3, bivariate analyses were conducted to compare 
a range of demographic, dietary intake and behavioural variables with the three 
specified feeding beliefs.  A summary, highlighting the significant results relevant to 
each feeding belief, was shown in section 5.2.2, Table 5.7.  The results of all 
bivariate analyses are shown here.   
Maternal perception of child as a fussy eater 
Bivariate analysis was performed comparing child and maternal characteristics, 
dietary intake and eating behaviour across the two categories of maternal perception 
- not fussy (n=232) and fussy (n=98).  Results are shown in the following three 
tables. 
  306 
  Table F.7.1 Bivariate comparison of child and maternal characteristics by maternal perception of child as a fussy eater 
Independent variable Dependant variable: maternal perception of child as a fussy eater 
 Not fussy; n=232 Fussy; n=98 Statistic 
Child age (months); mean (se) 13.7(0.08) 14.1(0.13) t(328) = -2.94, p=0.004 
Birth weight (kg); mean (se) 3.50(0.03) 3.44(0.05) t(328) = 1.22, p=0.23 
Weight-for-age z-score; mean (se) 0.66(0.06) 0.42(0.08) t(328) = 2.29, p=0.02 
Change in WAZ between time 1 and time 2; mean(se) 0.62(0.05) 0.54(0.06) t(326) = 0.99, p=0.32 
Weight gain (kg/week) between time 1 and time 2; mean(se) 0.088(0.001) 0.082(0.001) t(227) = 2.514, p=0.01 
Equal variances not assumed 
Gender; %(n)                                                                             Male 52(120) 46(45) x2(1)=0.929, p=0.40, OR=0.79 (0.49-
1.27) 
Female 48(112) 54(53) 
Brief Temperament Scale; mean (se)  2.4 (0.04)  
(n=208) 
2.5 (0.06)  
(n=82) 
t(288) = -1.93, p=0.06 
Age at birth of child (years); mean (se) 30(0.33) 31(0.51) t(326) = -1.54, p=0.12 
BMI (kg/m2) (n=320); mean (se) 26.3(0.37) 
(n=225) 
25.4(0.51) 
(n=95) 
t(318) = 1.35 p=0.18 
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Mother’s education; %(n) University 54(125) 67(66) x2(1) =5.126, p=0.03 OR=1.77(1.07-2.89) 
Not university 46(107) 33(32)  
Breastfeeding status; %(n) Yes 24(55) 24(23) x2(1) =0.002, p = 1.00 OR = 0.99 (0.57-
1.72) 
No 76(177) 77(75) 
Annual family income; %(n) High ≥70,001 $AUD  67(132) 33(66) x2(1) =3.75, p=0.06 
Low-mid ≤70,000 $AUD 77(93) 23(28)  
Mother’s own weight concern score; mean (se) 36.6 (1.7) 
(n=185) 
37.3 (2.1) 
(n=83)  
t(266) = -0.25 p=0.80 
Mean(sd) child age 13.8 (1.3) months; 49% male, n values given in parentheses indicating missing data 
Weight-for-age z-score calculated using WHO Anthro 32; change in WAZ from 4-7 months of age to 12-16 months of age; 
Weight gain (kg per week) from 4-7 months of age to 12-16 months of age 
Brief Temperament Scale361 was able to be calculated for 87% of children in the thesis sample (n= 290), due to mothers not completing this question at Time 1; mean(sd)= 2.4 
(0.59), on a scale of 1-6, representing easy-difficult; Cronbach’s alpha = 0.55, indicating poor reliability.   
Mother’s own weight concern score (WCS)347 i.e. mother’s concern about her own weight, was measured in participants within the NOURISH study only (n=269); mean(sd)= 
36.8(21.4), on scale 0-100.  Cronbach’s α = 0.78, indicating good reliability 
Unpaired t-tests were used to compare normally distributed continuous variables across the two groups - maternal perception of her child as a fussy eater: Not fussy/Fussy; 
Mann-Whitney tests were used to compare continuous variables that were not normally distributed while Pearson’s chi-square tests were used to compare categorical 
variables across the two groups.  
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Table F.2 Bivariate comparison of dietary intake on 24-hour recall by maternal perception of child as a fussy eater 
 Dependant variable: maternal perception of child as a fussy eater 
Independent variable Not fussy (n=232) Fussy (n=98)   Statistic 
Total food (g); mean(SE) 1353 (25) 1227 (36) t(328) = 2.77 p=0.006   
Fruit (g); median (IQR) 125(67-202) 105(44-163) U=9769.0, z=-2.02, p=0.04, r= -0.11 
Vegetables (g); median (IQR) 92 (27-165) 51 (9-130) U=9342.0, z=-2.57, p=0.01, r= -0.14 
Meat/alt (g); median (IQR) 50 (19-108) 37(10-109) U=10511.50, z=-1.08, p=0.28 
Discretionary choices and sweetened beverages 
(g); median (IQR) 
21 (7-50) 23 (7-59) U=10892.00, z=-0.60, p=0.55 
Diversity score; median (IQR) 5(4-5) 5(4-5) U=11035.50, z=-0.49, p=0.62 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Intake on single 24-hour recall of whole sample; full list of food group coding in Appendix E 
Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the predominant ingredient 
Meat/alternatives: fish, poultry, beef, lamb, pork, game meats, egg, nuts and seeds, infant food or mixed dish where meat/alternative is the predominant ingredient 
Discretionary choices & sweet beverages: biscuits, cakes, spreads, sauces and dressings, butter, cream: fruit juice, fruit drink, cordial, soft drink, flavoured milk, flavoured 
milk alternative  
Diversity score from 0-5 representing number of core food groups (fruit, vegetables, dairy, cereal, and meat/alternatives) consumed on 24-hour recall  
Unpaired t-tests were used to compare normally distributed continuous variables across the two groups: Not fussy/Fussy; Mann-Whitney tests were used to compare 
continuous variables that were not normally distributed  
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Table F.3 Bivariate comparison of behavioural variables by maternal perception of child as a fussy eater 
 Dependant variable: maternal perception of child as a fussy eater 
Independent variable; %(n) Not fussy (n=232) Fussy (n=98)   x2(df), p, Odds Ratio (95% CI) 
How often does your child refuse food? (n=329) Often 5(11) 37(36) x2(1) =58.539, p =0.000, OR=11.67 (5.61, 24.24) 
Not often 95(221) 63(61)  
Does your child ever refuse food they usually eat? (n=329) Yes 37(86) 74(72) x2(1) =36.204, p =0.000, OR=4.70 (2.79, 7.92) 
Hardly ever 63(145) 27(26)  
How willing is your child to eat unfamiliar foods? Unwilling 13(29) 48(47) x2(1) =48.870, p =0.000, OR=6.45 (3.70, 11.24) 
Willing 88(203) 52(51)  
Child decides amount of food eaten (n=329) No 62(143) 42(41) x
2(1) =11.54, p =0.001, OR=0.43(0.27, 0.71) 
Yes 38(87) 58(57)  
Mean(sd) child age 13.8 (1.3) months; 49% male, n values given in parentheses indicating missing data; Pearson’s chi-square tests  
  310 
Maternal perception of child weight status 
Analysis was performed comparing child and maternal characteristics, intake 
and behaviour across the categories of ‘maternal perception of child weight status’.  
Since only one mother labelled their child as ‘very overweight’, this category was 
combined with ‘somewhat overweight’.  Only six mothers chose the response 
category ‘don’t know’ hence this was excluded from further analysis due to the small 
response.  This resulted in three groups for analysis - underweight (n=33), normal 
weight (n=279) and overweight (n=14).  Analysis of child and maternal 
characteristics are shown in table F.4, dietary intake in F.5 and behavioural variables 
in F.6.    
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Table F.4 Comparison of child and maternal characteristics by maternal perception of child weight status (N=326) 
Independent variables Dependent variable: maternal perception of child weight status 
 Underweight; 
n=33 
Normal;  
n=279 
Overweight; 
n=14 
Statistic 
Child age (months); mean (se) 13.5 (0.18)  13.8 (0.08) 13.7 (0.45)  F(2, 323)=0.73, p=0.49 
Birth weight(kg); mean (se) 3.42 (0.07) 3.48 (0.03) 3.62 (0.13) F(2, 323)=1.10, p=0.33 
Weight-for-age z-score; mean (se) -0.25 (0.11) 0.62 (0.05) 1.80 (0.18) F(2, 323)=35.94, p<0.001, r=0.43 
Change in WAZ between time 1 and time 2; mean (se) 0.33 (0.11) 0.61(0.04) 
(n=277) 
0.95 (0.20) F(2, 323)=4.17, p=0.02, r=0.16 
Weight gain (kg/week); mean (se) 0.07 (0.003) 0.09(0.001) 
(n=276) 
0.11 (0.005) F(2, 320)=13.17, p<0.001, r=0.28 
Gender; %(n) Male 10 (16) 84 (139) 4 (6) x2 (2)=0.27, p=0.91 
Female 10 (17) 84 (140) 5 (8)  
Brief Temperament Scale; mean (se) 2.27(0.11) 
(n=28) 
2.41 (0.04) 
(n=246) 
2.78 (0.15) 
(n=13) 
F(2, 284) = 3.32, p =0.04, r =0.15 
Age at birth of child (years); mean (se) 32.7(0.89)  
(n=33) 
30.1 (0.30) 
(n=277) 
29.9 (1.26)  
(n=14) 
F(2,321) = 4.209, p=0.02, r=0.16 
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BMI (kg/m2); mean (se) 25.3 (.98)  
(n=33) 
26.0 (.33) 
(n=270) 
27.5 (1.57)  
(n=14) 
F(2,314) =0.841, p=0.43 
Mother’s education; %(n) University 9 (18) 85 (163) 5 (9) x2 (2)=0.40, p=0.85 
Not university 11 (15) 84 (116) 4 (5)  
Breastfeeding status; %(n) Yes 14 (11) 79 (62) 3 (2) x2(2)=2.69, p=0.25 
 No  9 (22) 86 (217) 5 (12)  
Annual family income; %(n) High ≥70,001 $AUD 10 (19) 86 (172) 4 (7) x2 (2)=1.02, p=0.62 
Low-mid ≤70,000 $AUD  9 (12) 82 (100) 6 (7)  
Mother’s own weight concern score; mean(se) 37.2 (4.56) 
(n=27) 
36.6 (1.41) 
(n=225) 
37.2 (6.71)  
(n=12) 
F(2,261) =0.014, p =0.99 
Mean(sd) child age 13.8 (1.3) months; 49% male, n values given in parentheses indicate missing data 
Weight-for-age z-score calculated using WHO Anthro 32; change in WAZ from baseline assessment at 4-7 months of age to second assessment 12-16 months of age; Weight 
gain (kg per week) from baseline assessment at 4-7 months of age to second assessment at 12-16 months of age 
Brief Temperament Scale361 was able to be calculated for 87% of children in the thesis sample (n= 290), due to mothers not completing this question at baseline; mean(sd)= 
2.4 (0.59), on a scale of 1-6, representing easy-difficult; Cronbach’s alpha = 0.55, indicating poor reliability 
Mother’s own weight concern score (WCS)347 i.e. mother’s concern about her own weight, was measured in participants within the NOURISH study only (n=269); mean(sd)= 
36.8(21.4), on scale 0-100.  Cronbach’s α = 0.78, indicating good reliability 
One-way ANOVA was used to compare normally distributed continuous variables across categories of maternal perception.  Chi-square tests were used to compare 
categorical variables across categories of maternal perception   
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Table F.5 Comparison of dietary intake on 24-hour recall by maternal perception of child weight status (n=326) 
Independent variables  Dependent variable: maternal perception of child weight status 
 Underweight; 
n=33 
Normal;  
n=279 
Overweight; 
n=14 
Statistic 
Total food (g) - - - F(2, 323) = 1.79, p=0.17 
Fruit (g) - - - H (2) = 4.34, p=0.11 
Vegetables (g) - - - H (2) = 2.26, p=0.32 
Meat/alt (g); median (IQR) 28(4-101) 48(17-105) 105(50-130) H (2) = 6.84, p=0.03 
Discretionary choices and sweetened 
beverages (g); median (IQR) 
- - - H (2) = 0.09, p=0.96 
Diversity score - - - H (2)=4.71 p=0.10 
Mean(sd) child age 13.8 (1.3) months; 49% male; intake on single 24-hour recall of whole sample; full list of food group coding in Appendix E 
For those sections left blank, mean or median was not calculated for the individual categories of weight perception because not significantly different across groups 
Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the predominant ingredient 
Meat/alternatives: fish, poultry, beef, lamb, pork, game meats, egg, nuts and seeds, infant food or mixed dish where meat/alternative is the predominant ingredient 
Discretionary choices & sweet beverages: biscuits, cakes, spreads, sauces and dressings, butter, cream: fruit juice, fruit drink, cordial, soft drink, flavoured milk, flavoured 
milk alternative Diversity score from 0-5 representing number of core food groups (fruit, vegetables, dairy, cereal, and meat/alternatives) consumed on 24-hour recall 
One-way ANOVA was used to compare normally distributed continuous variables across categories while the Kruskal-Wallis test was used for non-normally distributed 
continuous variables 
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Table F.6 Comparison of behavioural variables by maternal perception of child weight status (n=326) 
Independent variables  Dependent variable: maternal perception of child weight status 
  Underweight; 
n=33 
Normal;  
n=279 
Overweight; 
n=14 
Statistic 
How often does your child refuse food? (n=324) Often 17 (8) 75 (35) 4 (2) x2(2) = 3.32, p =0.18 
Not often  9 (25) 86 (242) 4 (12)   
Does your child ever refuse food they usually 
eat? (n=325) 
Yes  13 (21) 82 (130) 3 (4) x2 (2) = 5.51, p=0.07 
Hardly ever   7 (12)  86 (148) 6 (10)   
How willing is your child to eat unfamiliar foods? Not willing 13 (10) 79 (61) 4 (3) x2 (2) = 1.21, p=0.55 
Willing 9 (23) 86 (218) 4 (11)   
Child decides amount of food eaten (n=324)   Yes 12 (17) 84 (123) 3 (4) x2(2) = 2.10, p=0.35 
No 8 (16) 84 (154) 5 (10)   
Mean(sd) child age 13.8 (1.3) months; 49% male; n values given in parentheses indicate missing data; chi-square tests were used to compare categorical variables across 
categories of maternal perception of child weight status  
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Post-hoc testing was completed on those variables for which one-way ANOVA 
or Kruskal-Wallis revealed a significant difference across groups. 
Weight-for-age z-score 
The assumption of equal variance was met, but sample sizes were different, so 
post-hoc testing was conducted using Hochberg’s GT2.  This testing confirmed the 
trend of increasing WAZ across underweight vs normal weight vs overweight.  All 
three categories were significantly different.  Mean WAZ in children believed to be 
underweight was significantly less than those considered normal weight (p<0.001) 
while mean WAZ in children believed to be normal weight was significantly lower 
than children labelled overweight (p<0.001).  While children who were described as 
underweight by their mothers were indeed leaner than those described as normal 
weight, none of these children were actually underweight (Table 5.4).  
Change in WAZ between time 1 and time 2 
A similar trend was seen, with change in WAZ becoming larger across 
underweight vs normal weight vs overweight.  However Hochberg’s GT2 revealed 
the only statistically significant difference was between children perceived as 
underweight compared to those considered overweight, 0.33 vs 0.95, p=0.02.   
Weight gain (kg/week) between time 1 and time 2 
The trend was also evident using this third measure, with increasing amount 
weight gain per week across underweight vs normal weight vs overweight.  All three 
categories were significantly different.  Mean weight gain in children believed to be 
underweight was significantly less than those considered normal weight (p=0.003), 
or overweight (p<0.001). Mean weight gain in children believed to be normal weight 
was significantly less than those considered overweight (p=0.001).   
Temperament 
Temperament score was measured on a scale of 1-6, representing easy-
difficult.  Temperament score increased across the three categories - underweight vs 
normal weight vs overweight, however Hochberg’s GT2 revealed the only 
statistically significant difference was between children perceived as underweight 
compared to those considered overweight, 2.27 vs 2.78, p=0.03. 
Maternal age  
Post-hoc testing using Hochberg’s GT2 indicated mothers who perceived their 
child as underweight were significantly older than those mothers who labelled their 
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child as normal weight, mean difference (years) = 2.65 (se=0.92), p=0.013, 95% CI: 
0.44, 4.85. 
Gram intake of meat/alternatives on 24-hour recall 
Mann-Whitney tests were used to examine differences between children 
perceived as normal weight and those considered underweight or overweight, with a 
significance level of 0.025.  Gram intake of meat/alt was not significantly different 
amongst children perceived as normal weight compared to children considered 
overweight (U=1272, p=0.027) or underweight (U=3991, p=0.211).   
Concern about undereating or becoming underweight 
This section includes all bivariate results from the comparison of maternal and 
child factors with the third maternal feeding belief ‘concern about undereating or 
becoming underweight’.8  Results regarding child and maternal characteristics are 
shown in table F.7, dietary intake in F.8 and behavioural variables in F.9.    
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Table F.7 Comparison of child and maternal characteristics with factor score ‘concern about undereating or becoming underweight’8 
(n=331)  
Independent variable Dependant variable: factor score ‘concern about undereating or becoming underweight’ 
 Median (IQR) Statistic 
Child age (months)  rs=0.02,  p=0.76 
Birth weight (kg)  rs= -0.08, p=0.15 
Weight-for-age z-score  rs= -0.36, p< 0.001, R
2 = 12.8   
Change in WAZ between time 1 and time 2  rs= -0.10, p=0.07 
Weight gain (kg/week) between time 1 and time 2  rs= -0.23, p<0.001, R
2 = 5.2   
Gender                                                                          Male, n=164 2.0 (1.25-2.5) U = 13530, z = -0.19, p=0.85 
Female, n=167 2.0 (1.5-2.5)  
Brief Temperament Scale  rs=0.10, p=0.09 
Age at birth of child (years)  rs=0.14 p =0.009 
BMI (kg/m2) (n=320)  rs= -0.07 p =0.25 
Breastfeeding status Yes, n= 78 2.0 (1.5-2.5) U = 9402.5, z = -0.63, p=0.53 
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 No, n= 253 2.0 (1.3-2.5)  
Mother’s education University, n=193 2.0 (1.5-2.5) U = 11343.5, z = -2.31, p =0.02, r = -0.12 
Not university, n=138  1.8 (1.3-2.3)  
Annual family income High ≥70,001 $AUD (n=198) 2.0 (1.3-2.5) U = 11599.5, z = -0.60, p =0.55 
Low-mid ≤70,000 $AUD (n=122)  1.8 (1.3-2.5)  
Mother’s own weight concern score No linear relationship, hence correlation test not completed 
Mean(sd) child age 13.8 (1.3) months; 49% male, n values given in parentheses indicate missing data; median factor scores and IQR given for categorical independent 
variables 
Weight-for-age z-score calculated using WHO Anthro 32; change in WAZ from baseline assessment at 4-7 months of age to second assessment at 12-16 months of age; 
Weight gain (kg per week) from baseline assessment at 4-7 months of age to second assessment at 12-16 months of age 
Brief Temperament Scale361 was able to be calculated for 87% of children in the thesis sample (n= 290), due to mothers not completing this question at Time 1; mean(sd)= 2.4 
(0.59), on a scale of 1-6, representing easy-difficult; Cronbach’s alpha = 0.55, indicating poor reliability.   
Mother’s own weight concern score (WCS)347 i.e. mother’s concern about her own weight, was measured in participants within the NOURISH study only (n=269); mean(sd)= 
36.8(21.4), on scale 0-100.  Cronbach’s α = 0.78, indicating good reliability 
Spearman’s correlation co-efficients were calculated when comparing factor score with independent continuous variables.  For analysis of categorical independent variables, 
Mann-Whitney tests were used to compare factor score across two groups.  
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Table F.8 Comparison of dietary intake on 24-hour recall with factor score 
‘concern about undereating or becoming underweight’8 (n=331) 
Independent variable Dependant variable: factor score ‘concern 
about undereating or becoming 
underweight’ 
 Statistic 
Total food (g) rs= -0.10, p=0.09 
Fruit (g) rs= -0.03, p=0.64 
Vegetables (g) rs= -0.11, p=0.04 
Meat/alternatives (g) rs= -0.08, p=0.17 
Discretionary choices & sweet beverages (g) rs= 0.01, p=0.84 
Diversity score rs= -0.06, p=0.30 
Mean(sd) child age 13.8 (1.3) months; 49% male; intake on single 24-hour recall of whole sample; 
full list of food group coding in Appendix E 
Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the 
predominant ingredient 
Meat/alternatives: fish, poultry, beef, lamb, pork, game meats, egg, nuts and seeds, infant food or 
mixed dish where meat/alternative is the predominant ingredient 
Discretionary choices & sweet beverages: biscuits, cakes, spreads, sauces and dressings, butter, 
cream: fruit juice, fruit drink, cordial, soft drink, flavoured milk, flavoured milk alternative  
Diversity score 0-5 representing number of core food groups (fruit, vegetables, dairy, cereal, and 
meat/alternatives) consumed on 24-hour recall 
Spearman’s correlation co-efficients calculated when comparing factor score with independent 
continuous variables  
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Table F.9 Comparison of behavioural variables and factor score ‘concern about undereating or becoming underweight’ 8 (n=331) 
Independent variable Dependant variable: factor score ‘concern about undereating 
or becoming underweight’ 
  Median (IQR) Statistic 
How often does your child refuse food? Often (n=47) 3.0 (2.0-3.0) U =2739.0, z = -6.48 p<0.001, r = -0.38 
Not often (n=282) 1.8 (1.3-2.3)  
Does your child ever refuse usual food they usually eat? Yes (n=158) 2.3 (1.8-2.8) U= 7311.0, z = -7.29 p<0.001, r = -0.40 
Hardly ever (n=172) 1.5 (1.3-2.0)  
How willing is your child to eat unfamiliar foods? Not willing (n=77) 2.3 (1.8-2.8) U=7105.0, z=-3.656 p<0.001, r = -0.20 
Willing (n=254) 1.8 (1.3-2.3)  
Child decides amount of food eaten No (n=184) 1.8 (1.3-2.3) U=11321.5, z= -2.39 p=0.02, r= -0.13 
Yes (n=146) 2.0 (1.5-2.8)  
Mean(sd) child age 13.8 (1.3) months; 49% male  
For analysis of categorical independent variables, Mann-Whitney tests were used to compare factor score across two groups.  
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Appendix G: Analyses using weight-for-length 
z-score 
Weight-for-length represents child body weight in proportion to growth in 
length.10  Weight-for-length charts are used to identify children with high weight-for-
length who may be at risk of becoming overweight/obese or with low weight-for-
length which is indicative of wasting.  Wasting may be caused by a recent illness or 
food shortage that results in acute and severe weight loss, or due to chronic under 
nutrition or illness - situations unlikely to occur in the population from which the 
thesis sample was drawn, or that would have precluded them from further 
participation if it did.69  
Analysis was conducted throughout the thesis using WAZ as a standardised 
measure of child weight consistent with mother’s focus on her child’s weight relative 
to other toddlers and concern about underweight.  However child length was also 
measured at assessment in the NOURISH69 and SAIDI studies (standard protocol: 
measured twice with child lying on infant measuring board, with no clothes on 
except a singlet, and without a nappy, to the nearest 0.1cm.  A third measurement 
was taken if the first two differed by more than 0.5cm).  Weight-for-length z-score 
was able to be calculated for 330 children in the thesis sample using the software 
WHO Anthro (2008).32  The statistical analysis described in section 3.4 was repeated 
using weight-for-length z-score to explore any differences when using two 
alternative measures of child growth.  Overall, results were consistent, using either 
measure.  Results are described in detail in this section. 
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Table G.1 Mean weight-for-length z-scores of children in the thesis sample 
Child  WHOLE SAMPLE 
(N=330) 
NOURISH (n=271) SAIDI (n=59) 
 Mean (sd) Range Mean (sd) Range Mean (sd) Range 
Weight 
(kg) 
10.4 (1.2) 7.6-14.4 10.5 (1.2) 7.7- 14.4 10.3 (1.2) 7.6-13.8 
Length 
(cm)  
 78.1 (3.2)  66.7-90.0 78.2 (3.2)  66.7 – 90.0 77.8 (3.3)  71.0-86.0 
WLZ 0.51 (0.87)  -1.8-3.2 0.53 (0.84)  -1.5 – 3.2 0.43 (0.99)  -1.8-2.5 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-length z-score calculated using WHO Anthro 32 
Association between weight and intake 
Research question four examined the association between weight and intake, 
particularly of discretionary choices and sweetened beverages.  A positive linear 
relationship was found between total energy intake and WAZ, ΔWAZ and weight 
gain (kg/week) between time 1 and time 2 (section 4.2.3).  When this analysis was 
repeated with weight-for-length z-score, scatterplots indicated no linear relationship 
between WLZ and total energy intake.  The relationship seen between WAZ and 
total energy intake is probably due to the fact that children with a higher weight have 
higher energy requirements and therefore consume more.  But perhaps in this 
sample, energy intake is not extreme enough to result in higher adiposity, hence no 
relationship between WLZ and energy intake.  As with WAZ, there was no 
relationship between WLZ and intake of discretionary food and beverage (g/day) or 
discretionary food and beverage as a percentage of EEI. 
Perception of child as a fussy eater 
Research question six examined the variables associated with maternal feeding 
beliefs.  The first belief addressed was maternal perception of her child as a fussy 
eater.  An independent t-test revealed a significant difference in mean weight-for-
length z-score across the two categories of maternal perception, not fussy and fussy 
(Table G.2).  This is consistent with the results for WAZ within the thesis (section 
5.2.2.1). 
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Table G.2 Comparison of mean weight-for-length z-score by maternal 
perception of child as a fussy eater (n=328) 
Maternal perception Mean WLZ (sd) Statistic 
Not fussy (n=230) 0.59(0.89) t(326) = 2.45 p=0.015 
Fussy (n=98) 0.34(0.79)  
Mean(sd) child age 13.8 (1.3) months; 49% male; weight-for-length z-score calculated using WHO 
Anthro 32; independent t-test 
 
When WLZ was entered into a logistic regression to determine independent 
associations with maternal perception of her child as a fussy eater, it was not a 
significant variable in the final model (Table G.3), x2(9)=108.15, p<0.001, R2 = 0.40 
(Nagelkerke). 
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Table G.3 Hierarchical logistic regression showing variables associated with maternal perception of child as a fussy eater (n= 324)  
Independent variables Dependant variable: maternal perception of child as a fussy eater (not fussy, n=227; fussy, n=97) 
 B (SE) Exp (B) (95% CI) 
Step 1  
Child weight-for-length z-score  -0.30(0.18) 0.74 (0.52, 1.06) 
Child age (months) 0.13(0.12) 1.14 (0.90, 1.45) 
Maternal university education; yes, n=189 0.44(0.32) 1.56(0.83, 2.93) 
Step 2  
Fruit intake (g) on 24-hour recall -0.002 (0.001) 0.99 (0.99, 1.00) 
Vegetable intake (g) on 24-hour recall -0.003 (0.002) 0.99 (0.99, 1.00) 
Step 3   
Child decides amount of food eaten; yes, n=142 0.63(0.30)* 1.88 (1.03, 3.39) 
How willing is your child to eat unfamiliar foods?; unwilling, n=76 1.50(.34)*** 4.48 (2.30, 8.75) 
How often does your child refuse food?; often, n=46 1.82(0.43)*** 6.19 (2.60, 14.75) 
Does your child ever refuse food they usually eat?; yes, n=155 0.72(0.33)* 2.06(1.08, 3.94) 
Mean(sd) child age 13.8 (1.3) months; 49% male; weight-for-age z-score calculated using WHO Anthro 32 
Intake on single 24-hour recall of whole sample; full list of food group coding in Appendix E 
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Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the predominant ingredient 
*p≤0.05; **p≤0.01; ***p≤0.001; all values given as per full regression model, x2(9)=108.15, p<0.001, -2 Log likelihood=287.34, R2= 0.40 (Nagelkerke) 
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Maternal perception of child weight status 
Table G.4 shows the analysis of maternal perception of child weight status 
using weight-for-length z-score instead of weight-for-age z-score.   
Table G.4 Prevalence of maternal perception of weight status and actual 
weight status using weight-for-length z-score  
Number of children perceived to be… Mean WLZ (sd)a Weight status – WHO 
criteria 
Underweight  n=33 -0.25(0.81) 0 
Normal  n=277 0.54(0.80) 241 
Overweight  n=14 1.74(0.67) 89 
Don’t know  n=6 0.82(0.97) n/a 
Mean(sd) child age 13.8 (1.3) months; 49% male 
a Child weight and length measured by research staff; z-scores derived and classified using WHO 
criteria10:underweight, z-score < -2; normal weight, -2≤ z-score ≤1; or overweight/at risk, z-score >1 
 
When comparing the number of children classified within each category using 
WHO criteria, more children were considered overweight/at risk using WAZ (n=100) 
compared to using WLZ (n=89).  WLZ also allows the overweight/at risk category to 
be further defined, providing more specific information on the 89 children, which 
shown in table G.5.  Maternal perception of child weight is not accurate, with a trend 
to underestimate child weight (section 5.2.1.2).   
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Table G.5 Maternal perception of child weight status in children who are 
overweight or at risk according to WHO criteria10 
Weight status – WHO 
criteria 
Number of children perceived to be… 
Underweight Normal weight Overweight Don’t know 
At risk  n=72 0 63 6 3 
Overweight  n=16 1 22 4 0 
Obese n=1 - - 1 - 
WHO criteria10 WLZ - at risk, 1< z-score ≤ 2; overweight, 2< z-score ≤ 3; obese,  z-score >3 
 
One-way ANOVA revealed a linear trend, with mean WLZ increasing across 
categories of maternal perception of child weight status, F(2,321) = 31.88 p<0.001, 
r=0.41.  The assumption of equal variance was met, but sample sizes were different, 
so post-hoc testing was conducted using Hochberg’s GT2.  This testing confirmed 
the trend of increasing WLZ across underweight vs normal weight vs overweight 
(n=324).  All three categories were significantly different.  Mean WLZ in children 
believed to be underweight was significantly less than those considered normal 
weight (p<0.001) or overweight (p<0.001). Mean WLZ in children believed to be 
normal weight was significantly higher than those considered underweight (p<0.001) 
and lower than children labelled overweight (p<0.001).  This is consistent with the 
results for WAZ within the thesis (section 5.2.2.2). 
Multinomial regression was completed using WLZ instead of WAZ.  The final 
regression model (Table G.6) explained a significant amount of the variability in 
mother’s perception of child weight x2(4) = 65.45, p<0.001, -2 Log likelihood = 
252.54, R2 = 0.30 (Nagelkerke).  Children with higher WLZ had lower odds of being 
described as underweight and older maternal age was associated with higher odds of 
being described as underweight, rather than being perceived as normal weight.  
Children with higher WLZ had almost seven times the odds of being described as 
overweight by their mother rather than being considered normal weight.  These 
results are consistent with the analysis using WAZ as a predictor of maternal 
perception of child weight status shown in section 5.2.2.2, Table 5.9. 
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Table G.6 Multinomial logistic regression showing factors associated with 
maternal perception of child as underweight or overweight compared to 
normal weight (n=275)  
Maternal perception B (SE) Exp (B) (95% CI) 
Underweight (n=33) Intercept -4.84 (1.27)***  
Weight-for-length z-score -1.31 (0.28) *** 0.27 (0.16, 0.47) 
Maternal age at child’s birth (years) 0.09(0.04)* 1.10 (1.02, 1.19) 
Overweight (n=14) Intercept -6.05 (2.13)**  
Weight-for-length z-score 1.93 (0.43)*** 6.87 (2.99, 15.81) 
Maternal age at child’s birth (years) 0.03 (0.06) 1.03 (0.90, 1.16) 
*p ≤0.05, **p ≤0.01, ***p ≤0.001; all values given as per full regression model, x2(4) = 65.45, 
p<0.001, -2 Log likelihood = 252.54, R2 = 0.29 (Nagelkerke) 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-length z-score calculated using WHO Anthro 32 
 
Concern about undereating or becoming underweight 
The third and final feeding belief was maternal concern about a child 
undereating or becoming underweight.  There was a significant inverse relationship 
between child weight-for-length z-score and maternal concern, rs= -0.387 p<0.001, 
R2=0.15. This is also consistent with the results for WAZ within the thesis (section 
5.2.2.3).  When the regression model was repeated using WLZ instead of WAZ, the 
results were similar – higher maternal concern is associated with lower child weight-
for-length z-score and more frequent food refusal.  Adjusted R2 for the final model 
was 0.31 (se=0.62). Assumptions were met for no multicollinearity and homogeneity 
of variance.  
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Table H.7 Hierarchical linear regression showing variables associated with 
maternal concern about her child undereating or becoming underweight (n= 
324) 
Independent variable Dependent variable: concern about undereating 
or underweight 
 B (95% CI) β 
Step 1 ΔR2=0.134 (p<0.001) 
Weight-for-length z-score -0.257 (-0.338, -0.176) -0.299*** 
Step 2 ΔR2=0.016 (p=0.05) 
Maternal age at child’s birth (years) 0.009 (-0.005, 0.023) 0.060 
Maternal university education (yes) 0.046 (-0.099, 0.192) 0.031 
Step 3 ΔR2=0.010 (p=0.06) 
Vegetable intake (g) 0.000 (-0.001, 0.000) -0.054 
Step 4 ΔR2=0.170 (p<0.001) 
Willing to eat unfamiliar foods -0.127 (-0.294, 0.039) -0.073 
How often does child refuse food 0.583 (0.366, 0.799) 0.275*** 
Refuse food they usually eat 0.293 (0.136, 0.449) 0.197*** 
Child decides amount of food eaten -0.031 (-0.172, 0.110) -0.021 
Mean(sd) child age 13.8 (1.3) months; 49% male; weight-for-length z-score calculated using WHO 
Anthro 32 
Intake on single 24-hour recall of whole sample; full list of food group coding in appendix E; 
Vegetables: fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the 
predominant ingredient 
***p≤0.001; all values given as per full regression model, Adj R2 =0.31, se=0.62 
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Appendix H: Development and evaluation of 
structural equation models 
Chapter six contains the key models relevant to testing the conceptual model.  
Descriptions and fit indices related to other models tested are presented here.     
Perception of child as a fussy eater 
Hierarchical logistic regression was used to determine which variables 
predicted whether a mother would describe her child as a fussy eater (chapter five) 
and this informed the development of the latent variable, the ‘good eater’ 
representing child’s WAZ and feeding behaviour (chapter six).  This model was 
shown in Figure 6.2 and was an acceptable fit (x2/df=2.50, GFI=0.98, RMSEA=0.07 
(90% CI=0.02-0.11), PLCOSE=0.23, CFI=0.96, SRMR=0.04).  Maternal perception 
of her child as a fussy eater was then added to the model as shown in Figure 6.3.  
Having developed the first part of the model, the relationship with each of the three 
feeding practices was assessed separately.   
The first factor to be examined was ‘awareness of infant’s hunger and satiety 
cues’.  To assess the accuracy of the measurement model this factor was tested in a 
model on its own and was a poor fit (x2/df=9.82, GFI=0.97, RMSEA=0.16 (90% 
CI=0.10-0.23), PCLOSE=0.002, CFI=0.95).  Modification indices did not highlight 
any possible improvements.  This indicates the items are a poor measure of 
awareness of child’s cues and this factor is not likely to be a useful variable.  When 
the model in Figure 6.3 was expanded with the addition of a proposed relationship 
between mother’s perception of her child as a fussy eater and her awareness of the 
child’s hunger and satiety cues, the model (not shown) was a poor fit (x2/df=3.64, 
GFI=0.93, RMSEA=0.09 (90% CI=0.07-0.11), PLCOSE=0.00, CFI=0.88, 
SRMR=0.08, Bollen-Stine p=0.002).  The relationship between mother’s perception 
of her child as a fussy eater and awareness of hunger and satiety cues (β=-0.10) was 
not significant.  Due to this result the final model was not tested i.e. the addition of 
an arrow from awareness of cues to food intake, thereby completing the conceptual 
model.  The proposed relationship, child characteristics → mother’s perception of 
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her child as a fussy eater → mother’s awareness of infant’s hunger and satiety cues 
→ child dietary intake, is not supported by the data.  
A model was then tested with the inclusion of a proposed relationship between 
mother’s perception of her child as a fussy eater and ‘feeding infant on a schedule’.  
This factor could not be tested in a model on its own, because a model with one 
latent variable and two indicators is not identified.   The model (not shown) satisfied 
the assumption of multivariate normality but was a poor fit (x2/df=4.21, GFI=0.95, 
RMSEA=0.10 (90% CI=0.08-0.12), PLCOSE=0.00, CFI=0.89, SRMR=0.08).  The 
relationship between mother’s perception of her child as a fussy eater and feeding 
infant on a schedule (β=-0.11) was not significant.    Therefore the complete 
conceptual model was not tested i.e. the addition of an arrow from feeding on 
schedule to dietary intake.  The proposed relationship, child → mother’s perception 
of her child as a fussy eater → feeding infant on a schedule→ child dietary intake, is 
not supported by the data.   
The final factor to be examined was ‘using food to calm infant’s fussiness’.  
This factor could not be tested in a model on its own, because a model with one 
latent variable and two indicators is not identified.    A model was tested, extending 
Figure 6.3 with the inclusion of a proposed relationship between mother’s perception 
of her child as a fussy eater and ‘use of food to calm’.  The model, (not shown) was 
an acceptable fit (x2/df=2.10, GFI=0.97, RMSEA=0.06 (90% CI=0.03-0.08), 
PLCOSE=0.28, CFI=0.95, SRMR=0.05) and satisfied the assumption of multivariate 
normality.  A regression co-efficient of 0.18 (p≤0.05), indicated a small positive 
relationship between mother’s perception of her child as a fussy eater and use of food 
to calm. 
Figure 6.5 shows the final model, which was an acceptable fit.  This includes 
the addition of an arrow from the practice of using food to calm to child dietary 
intake, thereby completing the conceptual model.   Measures of food intake were 
tested consecutively in this model- total intake (g), total energy intake (kJ), diversity 
and intake of each food group measured in grams – fruit, vegetables, dairy, cow’s 
milk, meat/alternatives, discretionary items and sweetened beverages, breast milk, 
and formula.  The only measure of intake that had a significant relationship with 
mother’s use of food to calm was breast milk intake (measured in grams).  
Measurement error variance of breast milk (g), was fixed to zero, to allow the model 
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to be identified.371  The multivariate critical ratio was 6.89, slightly higher than the 
acceptable value of 5.0, most likely due to the skewed nature of breast milk as a 
variable.   
As noted in chapter six, the model was retested using breastfeeding status 
(Yes/No) instead of gram intake and is shown here in figure H.1. Multivariate critical 
ratio was 1.4.  The model fit decreased slightly, most likely due to the substitution of 
a continuous variable with dichotomous variable, but the results were consistent with 
the model shown in figure 6.5, with a significant positive relationship between use of 
food to calm and breastfeeding status.  The proposed relationship, child 
characteristics → mother’s perception of her child as a fussy eater → mother’s use of 
food to calm → child dietary intake, is supported by the data.  
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Figure H.1 A structural equation model representing the relationship between child characteristics, maternal perception of the child 
as a fussy eater, the maternal feeding practice ‘using food to calm infant’s fussiness’, and breastfeeding status (n=331) 
Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-age z-score calculated using WHO Anthro 32 
How often does your child refuse food? Very often, often, sometimes, hardly ever  
Does your child ever refuse food they usually eat? Hardly ever, yes 
How willing is your child to eat unfamiliar foods? Very willing, willing, neutral, unwilling, very unwilling  
Child decides amount of food eaten. Mother only, mostly mother, mother and child equally, mostly child, child only  
Maternal perception of child as a fussy eater.  Not fussy, fussy 
When your child gets upset, is feeding him/her the first thing you do? Never, rarely, sometimes, often, always 
Feeding my child is the best was to stop him/her being unsettled. Never, rarely, sometimes, often, always
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Analysis of perception as a fussy eater, by repeating regression in SEM  
Section 6.2.1 described the development of the latent variable ‘the good eater’ 
and its relationship with maternal perception, instead of creating a perfectly fitting 
model by repeating the regression in SEM.  The analyses were repeated by directly 
repeating the regression and revealed identical results with respect to the 
relationships between maternal perception and the three feeding practices.  Models 
(not shown) which tested the relationship between maternal perception of the child as 
a fussy eater and  ‘awareness of infant’s hunger and satiety cues’ and ‘feeding infant 
on a schedule’ were of poor fit.  Figure H.2 depicts the relationship between maternal 
perception of her child as a fussy eater and use of food to calm and this model was a 
good fit.  Notably though, the standardised regression co-efficients between each of 
the child characteristics and maternal perception are much weaker, than compared to 
their relationship with the latent variable ‘good eater’ (Figure 6.2 and Figure 6.3).  
Also the full model representing the conceptual model, child characteristics → 
mother’s perception of her child as a fussy eater → mother’s use of food to calm → 
child dietary intake, was not identified and therefore could not be tested.  These 
issues lend support to the value of using the ‘good eater’ construct within the 
analysis. 
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Figure H.2 SEM depicting direct relationship between child characteristics maternal perception of child as a fussy eater (instead of 
via the latent variable ‘good eater’), and use of food to calm (n=331) 
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Mean(sd) child age 13.8 (1.3) months; 49% male 
Weight-for-age z-score calculated using WHO Anthro 32 
How often does your child refuse food? Very often, often, sometimes, hardly ever  
Does your child ever refuse food they usually eat? Hardly ever, yes 
How willing is your child to eat unfamiliar foods? Very willing, willing, neutral, unwilling, very unwilling  
Child decides amount of food eaten. Mother only, mostly mother, mother and child equally, mostly child, child only  
Maternal perception of child as a fussy eater.  Not fussy, fussy 
When your child gets upset, is feeding him/her the first thing you do? Never, rarely, sometimes, often, always 
Feeding my child is the best was to stop him/her being unsettled. Never, rarely, sometimes, often, always
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Concern about undereating or becoming underweight 
In section 5.2.2.3, hierarchical logistic regression was used to determine which 
variables predicted a mother’s concern about her child undereating or becoming 
underweight.  Three variables predicted mother’s concern - child WAZ, ‘How often 
does your child refuse food’, and ‘does your child refuse food they usually eat’ and 
were carried forward into SEM.  As noted in chapter six, SEM supported significant 
relationships between maternal concern and the practices, feeding on schedule and 
use of food to calm.  The model (not shown) with a proposed relationship between 
mother’s concern and ‘awareness of infant’s hunger and satiety cues’ was a poor fit 
(x2/df=3.51, GFI=0.95, RMSEA=0.09 (90% CI=0.07-0.11), PLCOSE=0.03, 
CFI=0.92, SRMR=0.07, AIC=121.74), therefore the full model with the addition of 
dietary intake was not tested. 
 
 
 
 
 
